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Profits from Waste 


Added efficiency in metal production 
is visualized in this view of 64 in- 
dividually motor-driven regrinding 
mills recovering ore once lost as waste. 


The success of motor drive for the 
diverse crushing and grinding proc- 
esses — crushing tons of ore to powder 
or reducing costly pigments—is a 
measure of electricity’s service to the 
chemical and metallurgical industries. 


Besides contributing to mechanical 
operations, electricity has made pos- 
sible electro-thermal and electrolytic 
processes. Today it is the logical 
power for mining, milling, smelting or 
refining. 
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Shriver Efficiency 


Many years of producing filter presses 
for all types of filtration work enable 
us to guarantee the results. 
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This guarantee of efficiency goes with 
every filter press we sell—we know our 
product, and 
back of it. 

vour filtration problem. 


T. SHRIVER & CO. 


808 Hamilton Street, Harrison, N. J. 


we are ready to stand 


Write for catalog stating 
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igele Coles Dryer 


TS 


For Drying Fertilizer Materials 


Materials 


phosphoric acid, etc., 


containing nitrogen, ammonia, potash 


must be carefully dried to prevent 
ignition or the loss of essential properties a condition 


well taken care of by the various types of Ruggles-Coles 


Dryers So designed that operators may enjoy large 


capacities low operating costs as well as absolute safety 


Ruggles-Coles Engineering Company 


120 Broadway New York City 
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“The Finest Extractor Made” 
[hat’s what most engineers said at 
the 1920 National Chemical Exposi- 


tion on seeing the 


9 


“Hercules- Electric’ 


Patents Pending 


Self Balancing—Bottom Discharge 
Sizes 6 to 60 inch 


Eastern Representative Southern Representative 
F. A. TOLHURST E. S. PLAYER 
40 So. 7th St.. Philadelphia. Pa Greenville. 8. C 


Canadian Representative: 


WHITEHEAD EMMANS, LTD. 


7285 Beaver Hal) Hill. Montreal, Canada | 
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A New Explanation 
Of Hardening 


N VIEW of the importance of Messrs. JEFFRIES and 

ARCHER’S contribution to the theory of hardening 
metals, it is not necessary to explain why so large a 
portion of this issue is devoted to it. Metallurgists 
interested in ferrous or in non-ferrous metals will find 
it explains a great many apparently unrelated facts 
concerning hardness; colloid chemists will be interested 
in the application of their science to metallurgy; and 
physicists will be pleased to know that some of the 
first results of X-ray analysis have been put to good use 
in this inquiry into the nature of hardening. 

A generalized conception of hardness is presented, 
and it is then shown how various substances and prac- 
tices increase this hardness in a number of different 
alloys by merely interfering with a perfectly normal 
property of ductile crystals; the ability to deform by 
development of transgranular slips. 

Little of the material used by JEFFRIES and ARCHER 
is new—that is, presented for the first time. Nearly 
all the facts are old and undisputed; many of the 
explanations have been advanced before, but failed of 
acceptance because of a lack of supporting evidence. 
For instance, ten years ago, GRENET presented a paper 
before the British Iron and Steel Institute, in which he 
said that the hardness of chilled irons, steels, brasses 
and bronzes was due not so much to the prevention of 
the transformation from the “hot stable” to the “cold 
stable” state, which would occur on slow cooling, as 
to its partial completion. Consequently hardening by 
quenching is due “solely to the fineness of the struc- 
ture.” These ideas were given little more than a 
respectful hearing, but many of GRENET’S critics have 
since come into camp with ROSENHAIN, who has 
exploited the properties of amorphous iron to account 
for the hardness of martensite. GRENET was on the 
right track, but he attempted no adequate explanation 
of why extremely fine grain causes hard metal. 

BEILBY’S amorphous theory has since then become 
generally accepted, so that few now dispute the fact 
that the aggregate of minute crystals just born from 
austenite would possess a relatively great amount of 
hard amorphous metal. By X-ray analysis JEFFRIES 
and BAIN in America, and WESTGREN in Sweden, have 
but recently and definitely proved the supposition that 
iron in martensite is in the alpha modification and the 
former agrees with MCCANCE that it contains (at least 
in its early history) carbon in solid solution—that is, 
in atomic dispersion. And now JEFFRIES and ARCHER 
call attention to the fact that fine grain is hard because 
the amorphous material and random orientation of 
grains interfere with slip. In this way they not only 
establish the nature of martensite but in addition they 
give a rational reason for its hardness. Almost since 


the beginning of metallography, hardness of steels had 
been associated with martensite, and every effort has 
since been made to establish its nature, a step which 
SAUVEUR, twenty-five years ago, said was necessary 
before the riddle of quenching could be solved. If it 
were known just what martensite is, then one could 
proceed to explain why it should be hard. 

But amorphous material does not grow in duralumin, 
for instance, on gentle annealing. Quite the opposite. 
Yet the hardness of the alloy is increased rather than 
decreased. No matter how adequately duralumin’s 
quenched condition could be explained by amorphous 
boundaries surrounding fine grains, its hardening on 
aging must be due to another factor. MERICA and 
JEFFRIES were both working on this problem, but inde- 
pendently, and the two of them hit upon the germ of 
the general critical dispersion theory—that hardness 
is due to the dispersion of hard particles in the alloy, 
hard particles of sub-microscopic but correct size, 
neither too large nor too sma!l. MERICA also pointed 
out that hardness in quenched and tempered steel could 
be ascribed to critically dispersed cementite. 

Approaching the general theory of hardening by the 
‘non-ferrous route” rather than from a consideration 
of the former theories of hardening steel, JEFFRIES 
and ARCHER now brilliantly show that a critical dis- 
persion of hard particles causes maximum hardness, 
since it offers maximum interference to crystalline slip. 
And can we not agree with MERICA that such a disper- 
sion offers as adequate a supplement to the effect of 
amorphous metal in hardened and tempered steel as it 
does in hardened and aged duralumin? 

Disregarding the elegant way in which the theory 
covers numerous alloys by a simple conception, when 
applied to steel it has the virtue of ascribing hardness 
to the undoubted hardness of amorphous iron and 
cementite, rather than to the hypothetical hardness 
of beta iron. This undoubtedly makes for simplicity. 
It is to be expected that the many able men who sup- 
port the claims of beta iron will not be converted over 
night, and their criticisms will doubtless be forthcom- 
ing and properly welcomed. Yet no one would accuse 
the beta iron theory, in the full flush of HOowe’s 
advocacy, of simplicity. Since the principal evidence 
that beta iron has existence is magnetic in nature, 
the beta iron theory must perforce explain hardness 
and magnetism at the same time. But when a steel is 
found in which the two do not vary in a proportional 
way, or another steel which has two or three magnetic 
susceptibilities for the same hardness, the beta 
theorists are in deep trouble. Their opponents are 
inclined to believe that such anomalies are best ex- 
plained by the supposition that magnetism and hardness 
have no close relationship—in fact, are altogether dif- 
ferent kinds of phenomena. Yet if they are discon- 








1042 


CHEMICAL 


nected phenomena, the beta iron theory loses its chief 
prop. 

Perhaps, without knowing that hardness in steel 
could not be explained without simultaneously explain- 
ing the magnetic and electric properties, JEFFRIES and 
ARCHER have “gone ahead and done it”! If for 
nothing else, they have our congratulations for the 
magnetic-hardness divorce. 


Tinkering With 

The Patent System 

HOEVER said “Eternal vigilance is the price of 

liberty” probably had in mind the watchfulness 
necessary to guard what is essentially best in any of 
our human institutions. Certainly it applies to the 
patent system of the United States which our Congress- 
men and Senators are wont to improve from time to 
time by introducing so-called reforms. In 1912 it was 
the Oldfield bill; in 1915 the Paige bill, and in 1921 
comes STANLEY with a bill to amend the 
Revised Statutes relating to patents. The burden of 
reform which all of these volunteers would load upon 
our patent system is some variation of a scheme to 
compel patentees to work their patents. The Oldfield 
bill proposed compulsory licensing in case an inventor 
was unduly slow about putting his process into effect. 
The Paige bill was designed to force European dye- 
makers to operate in the United States by causing 
unworked patents to lapse within two years after they 
were issued. Senator STANLEY'S bill would amend the 
Revised Statutes relating to patents with a proviso to 
the effect that if a patent granted to a foreigner is 
“not worked or put in operation so as to result in actual 
production . . . in the continental limits of the 
United States within the period of two years from 
the date of its the United States reserves the 
right to license any person or persons for purposes of 
manufacture in the United States.” Prior to these 
three efforts toward compulsory working, two of which 
were unsuccessful and the third pending, the Congress 
did enact a compulsory working clause in 1832, but 
repealed it in 1836. 

Compulsory working of patents, whether on pain of 
having the patent canceled or being compelled to grant 
a license to someone else, is a device that has always 
appealed to lay minds. It has never been approved 
by the best patent counsel, nor has it been acceptable 
to inventors at large. Legal opinion may be summed 
up in the remarks of Lord MOULTON, who, in discussing 
the British compulsory working act of 1907, said: “I 
think it is not only mischievous, it is also idiotic. It 
is one of those cases which are growing to be common, 
where the layman rushes into legislation with little or 
no acquaintance with the subject on which he is legis- 
lating. Knowledge has gone so far that the layman 
cannot keep up with the technical knowledge of a sub- 
ject, even in politics. In my opinion, it would have 
been impossible for any man who understood this mat- 
ter to the present legislation.” 

We respectfully commend Lord MOULTON’s opinion 
to Senator STANLEY and his colleagues and offer in ad- 
dition a few arguments for defeat 


Senator 


issue, 


devise 


of the proposed 
legislation. 

It is reported that Senator STANLEY’S avowed pur- 
pose in advocating this measure is to prevent a situa- 
tion such as arose at the outbreak of the war when the 
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United States was cut off from supplies of German 
dyes. Presumably he believes that a compulsory licens- 
ing clause, which is in effect a compulsory working 
clause, would result in German manufacture in this 
country under German-owned United States patents. 
As Dr. B. C. HESSE pointed out in great detail in 
an address before the Rochester Section of the Ameri- 
can Chemical Society in October, 1915, compulsory 
working would not create a dye industry. He showed 
also that compulsory working has been ineffective in 
the principal foreign countries and that some of those 
countries have entered into a mutual understanding 
whereby the clause is not enforced against their respec- 
tive citizens. Further, Senator STANLEY’s plan would 
force German capital to manufacture in this country, 
thus promoting that “peaceful penetration” of indus- 
try which we found so objectionable when we went to 
war. It is true that the Stanley compulsory licensing 
clause applies only to foreign owners of United States 
patents; but to enforce it against them would encourage 
advocates of the idea to make it applicable to all United 
States patents, even though owned by American citi- 
zens. It requires no stretch of the imagination to see 
how surely such a measure would cause uncertainty 
on the protection afforded by a patent, and so weaken 
that protection that patents would have diminishing 
attraction for capital. The market for inventions would 
be decreased and the incentive of inventors proportion- 
ately reduced. And since the prime object of our patent 
system is to induce men to produce inventions, we 
should be exceedingly careful how we hedge them about 
with discouraging restrictions. 

Those who have had experience with the development 
of patents will realize that two years is a comparatively 
short time in which to bring many processes and prod- 
ucts to the stage of production contemplated in Senator 
STANLEY'S bill. This would deter inventors from 
perfecting théir processes; and for the same reason it 
would probably deter licensees, because the first licensee 
would have to undergo the expense of development while 
others might come in and take licenses and manufac- 
ture without the handicap of initial developmert and 
expense. And as for the poor inventor who is now 
supposed to find it difficult to bring his patent to the 
production stage, would he not be worse off under a 
scheme of compulsory licensing? If manufacturers can 
now buy and suppress patents, as they are popularly 
supposed to do, how equally simple would it be for them 
to delay negotiations with an inventor for two years 
and then demand a license. We may also raise the 
question as to whether the license is to be exclusive 
or not. Presumably not, because “the United States 
reserves the right to license any person or persons” for 
the purpose of manufacture. And if licenses are not 
exclusive, how generally will they be taken, seeing the 
difficulties that will beset the licensee who takes upon 
himself the burden of initial development? 

We have been able merely to touch upon the obvious 
features of the situation that would be created under 
Senator STANLEY’s bill and its logical development. 
The situation is fraught with danger to the patent sys- 
tem and to the inventive propensity of the American 
people. We understand that the bill has been reported 
favorably to the Senate by the Committee on Patents. 
Accordingly it will be necessary to take early action if 
the measure is to be defeated. We shall be glad to 


publish further discussion of the subject. 
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Labor Unions 
And Inefficiency 


HEN one discusses the single tax he discusses 

it on the basis of theory, since it is not operative. 
When one discusses the income tax he discusses it on 
the basis of practicality, because we have had it for 
several years and can observe its operation. 

When we discuss labor unions and labor unionism 
we naturally discuss them on the basis of what we 
see. There is no occasion to consider theories or ideals 
regarding labor unionism because any theories entitled 
to consideration have had an opportunity to work out 
in practice. The labor union movement is not new. It 
is not because there has been insufficient time that 
only between 10 and 15 per cent of the workers are 
organized and between 85 and 90 per cent are left unor- 
ganized. If labor unionism as we see it involves ineffi- 
ciency and injustice, it must bear the blame. 

If we are investigating a species of plant, we observe 
where it grows, study its habitat and eventually deter- 
mine the surroundings under which it will or will not 
grow. We can study mental inclinations in the same 
manner. In certain circumstances men tend to grow 
avaricious. In certain surroundings religious aspira- 
tions are aroused. Associated with certain persons 
one becomes ambitious to wear the most tasty neckties, 
while in association with a certain other kind of men 
thoughts about neckties do not thrive and the desire 
to be able to stick on a bronco’s back has a vigorous 
growth. 

The method is strictly applicable to a study of labor 
unionism. What is the favorite habitat of labor unions? 
Where do they thrive? Of the total enrollment in labor 
unions in the United States one finds that a very 
high percentage of the membership is included in three 
categories: (1) The United Mine Workers, whose 
members mine bituminous coal and anthracite; (2) 
the building trades; (3) the steam railroads and trol- 
ley lines. Outside of these three categories unionism 
is practically insignificant. The percentage of all 
unionism that is comprised in these three categories is 
very high, and the percentage of disturbance to the 
general industrial and economic situation caused by the 
unions in these particular lines is higher still. 

Here, then, we have the favorite habitats discovered 
beyond peradventure of doubt. Whether studying a 
variety of plant or studying labor unionism, the investi- 
gator next proceeds to inquire whether there is anything 
peculiar about the discovered habitats that differentiate 
them from other places. No difficulty whatever is en- 
countered in differentiating. Strikes in these lines of 
activity are in essence directed against the general 
public rather than against the proximate employer. 
In a tro'ley strike in a large town, which has the more 
patience, the public service corporation or the public 
that must foot it? In a six-day strike, who would 
suffer the more, the shareholders of the Pennsylvania 
Railroad Company or the patrons of the railroad? Or 
in an office building, the contractor whose margin is 
in a measure a percentage of the wages paid or the 
owner who has money tied up and wants to be ready 
for the office-leasing season? That is one kind of 
habitat where unionism thrives. The other is where 
a strike or wage disagreement is not disadvantageous 
to the employer. Time after time in the coal industry 
it has been found that consumers were stocked with 
coal in anticipation of a suspension of mining on the 
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biennial April 1 and the operators needed a suspension 
to permit the consumption of stocks so that damaging 
competition would be averted. 

In all these cases we find inefficiency, the workman 
not doing the full amount of work he should do in a 
day, to do his share toward bearing the total burden 
of the work of society. 


Promotion in 

Technical Positions 

HE chemical profession generally will congratulate 

Dr. A. C. FIELDNER on his well-deserved appointment 
as director of the Pittsburgh Station of the Bureau of 
Mines. This is a recognition of Dr. FIELDNER’S ability 
as an investigator and as a director of investigations. 
It is to be hoped that Dr. FIELDNER’S new responsi- 
bilities will not weigh so heavily upon his hands as to 
prevent continuance of his work in the field of fuel in- 
vestigations. The contributions which have come from 
his organization have been notable, and it would be a 
great loss if purely administrative and executive duties 
were permitted to interfere with his further active 
participation in this invaluable scientific work. Both 
in the Government and elsewhere there is too much of 
a tendency to place upon such men the burden of admin- 
istrative responsibility which interferes with the work 
they are so well fitted by training and experience to 
carry through. It is often quite simple to secure for 
this administrative work much less experienced and 
less valuable men who, though capable in this particu- 
lar, are not themselves investigators, either by tem- 
perament or training. It is very fortunate that the 
bureau recognizes this fact and plans to give Dr. 
FIELDNER such assistance as we hope will prevent un- 
duly burdening him with correspondence and other de- 
tails that always beset the chief of a large organization. 

Our industrial organizations of technical sort, though 

striving for commercial efficiency, sometimes have not 
been as willing as they should to be efficient in such 
matters as this. If the only way in which the chief 
chemist, the chief metallurgist or other director of 
investigations can advance himself within a company 
is by assuming executive responsibilities, it is not 
strange that he seeks such position. Especially if the 
difference in salary between the purely executive posi- 
tion and the position in charge of research is large 
do we find this tendency to change from science into 
the commercial branches of the organization. It is 
certainly false economy to permit a man who has 
demonstrated his ability in research and development 
work to become a slave to routine. He may succeed 
at it, though this is by no means sure, but in any 
event the company will lose if such change is made. 
Even at the risk of paying the so-called subordinate 
men more than the executive head it may be worth 
while to keep successful research men in the field of 
their specialties. New developments which they pro- 
duce may not save as much in a single year as would 
a valuable administrative decision or change in operat- 
ing plan, but the improvements thus achieved are 
capitalized for all future time. In fact, without them 
the corporation may fall in the race for commercial 
supremacy distinctly behind its competitors in tech- 
nical method or value of product. It is best by all 
means to keep each scientific man in the job for which 
his training and experience best fits him, even though 
the salary roll may look a bit unbalanced. 
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Production of Pure Platinum 
To the Editor of Chemical & Metallurgical Engineering 

Sirk:—I notice in the edition of your magazine dated 
April 20, 1921, on page 696, you mention that the 
Bureau of Standards has recently succeeded in produc- 
ing platinum of higher purity than any obtainable from 
other platinum dealers, and also that Herzus’ platinum 
has long been accepted as standard. It is also stated 
that this pure platinum has been melted in lime. 

I would mention that the firm of Johnson, Matthey & 
Co., Ltd., of London, has for many years produced pure 
platinum, as I can attest from forty-seven years’ expe- 
rience with the firm. The platinum produced by it has 
passed all tests and is pure, but to produce it pure it is 
not necessary to melt it as you state, and the slightest 
trace of lime, if found, is not caused by melting in lime. 

For your general information, I would say that G. 
Matthey, F.R.S., produced pure platinum by carefully 
refining metal, precipitating, washing in pure water 
free from Ca, pressing the powder into a solid ingot by 
hydraulic pressure, after which it was heated in a 
closed mufile, placed under a powerful drop hammer, 
and welded together. As is generally known, platinum 
is one of the easiest metals to weld. My experience is 
that if you want pure platinum do not melt it unless 
you are looking for trouble. Obviously if alloys of 
platinum are wanted, they must be melted, but the high 
temperature required (slight) contamination 
with the refractories used. 

I may say that I am not depreciating the work of 
W. C. Herzus in the production of pure platinum. 


Maidstone 


Road, Bound’s Green, TON 
a a " reer H. A. KENT. 
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To the Editor of Chemical & Metallurgical Engineering 

Sik:—I have read with interest the comments of 
H. A. Kent, of London, with reference to the brief press 
notice that appeared in your journal on the production 
of very pure platinum. 

Mr. Wichers’ paper in now in press and will appear 
shortly in the Journal of the American Chemical Society. 
In this paper there is given the experimental evidence 
in support of the statement that the platinum produced 
by the methods there described is of higher purity than 
any samples of Herzus platinum that we have been able 
to obtain or about which we have been able to find any 
published data. The platinum wire produced by Mr. 
Wichers was compared with a number of samples of 
Herzus platinum wire, selected from among the purest 
samples that we have been able to obtain from that 
maker during the past fifteen years. 

[ may add that Mr. Wichers did not compare the wire 
produced by his method of purification directly with 
a sample of Johnson, Matthey & Co. platinum wire, but 
no samples of wire that have thus far come into our 
possession from the latter source have quite equalled in 
purity the purest Herzwus platinum wire. It has been 
found that the purer the platinum the higher its tem- 
perature coefficient of electrical resistance. For the 
purest Herzus platinum, the ratio of electrical resist- 
ance at 100 deg. to electrical resistance 


at 0 deg.— 
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i.e., R,., R.-—is somewhat above 1.391. The samples 
of Johnson, Matthey & Co. platinum wire tested in the 
laboratories of the Bureau of Standards during the past 
fifteen years were found to give values of this ratio of 
about 1.386. Some specially pure samples of platinum 
wire furnished by Johnson, Matthey & Co. to a com- 
mittee of the British Association were reported (B. A. 
Report 1901) to have a value equal to 1.3892. Dr. J. 
A. Harker in a report of the same committee (B. A. 
Report 1903) gives for the values of this ratio figures 
ranging from 1.387 to nearly 1.389. It seems very 
probable, therefore, that the Johnson, Matthey & Co. 
platinum is not quite so pure as is the Herzus platinum. 

In another paper, now in preparation, it will be shown 
that Johnson, Matthey & Co. platinum, as furnished for 
high temperature thermocouples, contains relatively 
large amounts of calcium as compared with Herzus plat- 
inum and very much larger amounts than the platinum 
refined in the laboratory of the Bureau of Standards. 
The amount of calcium can be very greatly reduced by 
merely melting on lime under proper conditions. 

I may add, in conclusion, that Mr. Wichers and his 
associates, C. O. Fairchild and W. F. Meggers, have 
also obtained thermoelectric and spectroscopic evidence 
that the wire which he has produced is purer than any 
of the samples with which it has been compared. 

W. F. HILLEBRAND, 


Chief Chemist, Bureau of Standards 





The Vapor Compression System of Evaporation 
To the Editor of Chemical & Metallurgical Engineering 

Sir:—May I offer the following information relative 
to Mr. Carlsson’s article on “The Vapor Compression 
System of Evaporation” on pages 645-647 of your issue 
of April 13? 

In introducing his subject, he suggests that multiple- 
effect evaporators have decided weak points both from 
an economical as well as a technical standpoint and 
throughout his article gives the impression that fuel 
must be primarily consumed to operate such equipment. 
As a chemical engineer, having had over ten years’ 
experience in the design and operation of evaporators 
from the coil type to the film type, may I state that 
over 95 per cent of the multiple-effect evaporators 
operating today are using exhaust steam in whole or 
in part? It is first used in prime movers and fed to 
the vacuum plants at pressures up to 5 lb. per sq.in. 

In actual practice with a film type of evaporator my 
own records over a long period show 2.8 lb. of water 
evaporated per lb. of exhaust steam used in a triple- 
effect machine having a capacity of 10,000 lb. per hour. 
This evaporation was obtained without the use of a 
preheater or utilizing hot outgoing condensate or 
vapors; with such arrangements the heat efficiency 
would have been increased. 

Is it not rather a sweeping statement to say that 
“many suggestions of new evaporation methods made 
in recent years have failed until quite recently”? I 
can specifically state a number of cases where evapora- 
tion improvements have been carried out within the 
past ten years. For instance, the advent of the film 


evaporator resulted in such a compact design that it 
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was possible to superimpose three effects, thus making 
a self-contained trip!e-effect evaporator. 

Mention that the Swiss firm began marketing the 
“Autovapor” evaporator only in 1918 places that firm 
far behind the pioneers in this system of evaporation 
utilizing vapor compression principles. As far back as 
1906 experiments were made with a Simplex film evap- 
orator in which live steam injector was embodied, which 
sucked back and compressed the vapor coming from 
the liquor. This compressed vapor and ingoing steam 
was then passed back to the calandria to perform fur- 
ther work. This in itself utilized the principle of vapor 
compression, although it was not carried to any elab- 
orate conclusion. Prior to 1914 a technochemical con- 
cern built a vapor compression evaporator plant in 
London. This was known as the Sdéderlund-Boberg 
evaporator and has priority in development work over 
the “Autovapor,” if it is not the same equipment. 

1 consider that the “Autovapor” efficiency figures 
quoted are on the high side, particularly if they were 
obtained with the design of equipment shown. It is 
well known in evaporator work that, consistent with the 
class of liquid being handled, the higher the tempera- 
ture difference between the heating medium and liquid 
being heated the higher the transmission factor per 
square foot effective heating surface. For standard 
vacuum evaporator work, using exhaust steam, this tem- 
perature difference varies from 30 to 100 deg. F. Such 
a difference as 30 deg. F. would not be economically 
permissible with a vapor compression system, as the 
power and capital expended to produce this difference 
would overbalance any conservation of heat thereby 
gained. To make any vapor pressure system econom- 
ically effective it is necessary to operate with low tem- 
perature differences, and this means increased heating 
surface. Using a coil type of pan, the heating surface 
would be so !arge for a normal commercial unit that 
the initial cost would be prohibitive. 

Why distilled water (or condensed vapor) from the 
“Autovapor” is purer than that obtained from vacuum 
evaporators is not explained and is not perfectly clear. 

I take exception to the balance sheets submitted, 
in that it is assumed the steam used is primarily pro- 
duced for this purpose, where, as before mentioned, 
the majority of plants use exhaust steam. Again, the 
figure of 2 lb. of water evaporated per pound of steam 
for a triple effect is too low, and should be 2.8 for a 
film type of plant, which is the most modern type of 
vacuum evaporator. The figure of 8 hp. for a con- 
densate pump designéd for a triple-effect evaporator 
of 2,200 Ib. capacity has evidently been taken from a 
textbook. The actua! practice figure is nearer 2 hp. 

I am glad the writer indicates the shortcomings of 
this system, in that “when dealing with concentrated 
solutions, the conditions are not so favorable, because 
the boiling points of the solutions are higher than those 

f solvents.” This means that it is too costly to com- 
oress the vapor to a point where the temperature differ- 
‘nce would produce a concentrated solution. 

A triple-effect film evaporator will treat any and all 

lutions, concentrating up to 30 deg. Bé. continuously, 
evaporating 2.8 lb. of water for 1 lb. of exhaust steam 

nd with a mechanical expenditure of 1.7 hp. per 2,000 

. evaporated, with no high-speed or complicated mech- 

‘ism requiring skilled supervision. 

It will be many years before a compression system 

evaporation will be able to compete with the film 
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evaporator in the average industry, and electrical or 
water power will have to be at low cost, with a per- 
fected fool-proof compressor, made sufficiently rugged 
to warrant unskilled attention. The capital cost and 
overhead, involving skilled attention for compressor 
and evaporator, is not included in Mr. Carlsson’s bal- 


ance sheet. BURTON DUNGLINSON. 
Chicago, Ill 


To the Editor of Chemical & Metallurgical Engineering 
Sir:—My statement, in my article on “The Vapor 
Compression System of Evaporation” in your issue of 
April 13, that the multiple-effect system has weak 
points from economical and technical points of view, 
refers to the fact that condensers in general have to 
be installed with the result that a certain amount of 
latent heat is wasted. Furthermore, having rather 
small quantities of water to evaporate, it is very expen- 
sive to install such a huge aggregate to get the desired 
efficiency, the Autovapor having only one container 
with its compressor and motor with which a good effi- 
ciency is obtained. The latter installation does not 
require more labor than the multiple-effect svstem. 
With larger apparatus using exhaust steam in evapora- 
tion, the calculation on page 647, second column, shows 
that the compression system is able to compete favor- 
ably with a multiple-effect system. Throughout the 
article the calculations are based upon installations hav- 
ing a capacity of 2,200 lb. A triple effect under those 
conditions does not have greater efficiency. For larger 
capacities both of the methods have greater efficiency 
factors and results of a comparison will still hold. 

In regard to my “sweeping statement” I might say 
that it referred to different compression methods tried 
in the past and Mr. Dunglinson has mentioned two 
which he knows have been a failure or at least had 
but a very limited application. As far as my experience 
goes, this is true. This pioneer work, however, I am 
certain the manufacturers of the Autovapor appreciate 
and I don’t think they claim to be the first ones. 

As a matter of fact the Séderlund-Boberg people 
confine in their English patent the use of the machines 
to solutions similar to sulphite cellulose waste liquor. 

The Autovapor in its perfection now accomplished 
is running with quite different heat head than the 
Séderlund-Boberg, in fact it is similar to that of mul- 
tiple-effect evaporators due to the development of the 
high-speed turbine compressor. This machine is able 
to handle the vapor in a very satisfactory manner. As 
a matter of fact, the point in this system is the com- 
pressor and its accomplishment has been such that the 
vapor compression system is economically effective 
without operating with low temperature difference and 
too much increased heat surfaces. 

The efficiency figures are not on the high side. They 
are obtained in real practice and with a small installa- 
tion. In this connection I would like to correct the 
figure 19.3 on page 647, line 48, which ought to be 
42.7. With greater units higher results are obtained. 

I have a list of twenty-five installations of this appa- 
ratus in Europe showing that the Autovapor has passed 
its “childhood.” I think this fact is the best answer 
to Mr. Dunglinson’s statement of the probable short- 
coming on the part of the Autovapor system. 

That the compressor really is fool-proof and that the 
expenses for capital cost and overhead are not prohib- 
itive do not require discussion. GUSTAV CARLSSON. 

Niagara Falls, N. Y 
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CHEMICAL ANI 


Italian Chemical Industries 


FROM OUR SPECIAL CORRESPONDENT 
GENOA, Italy, May 20, 1921. 

URING the last few weeks the crisis in the Italian 
| chemical industries has been aggravated by the 
elections just finished, by the shortage of American 
and English coal, and by the upset conditions of labor. 
Only a few works, especially those producing the com- 
mon acids, alkalis and fertilizers, can continue their 
work as usual, whereas all those producing the finer 
chemicals have either closed or continue under great 
difficulty, working only for four days a week with re- 
duced hours. In the metallurgical and engineering 
industries only those concerns which have to supply 
materials to the Italian state railways, to the ship- 
and to the hydro-electric plants can be kept 
in running condition. 


vards 


FOREIGN EXCHANGE SINKS FURTHER 


The foreign exchange, especially in the cases of the 
United States dollar, of the English pound and of the 
Swiss and French franc, has sunk considerably during 
the month, while no change followed through 
a renewed business intensity with German-speaking 
countries and some of the new Balkan states. These 
conditions and the absence of demand brought a fur- 
ther reduction in prices for most chemicals, metals, 
drugs, essences and other products, causing great losses 
to the producers and merchants. The exportation of 
Sicilian products has come to a sudden standstill owing 
to the rise in price when sold for foreign currencies. 
A new law authorizing the exportation against pay- 
ments in Italian lire was issued, and this, it is expected, 
will facilitate a resumption of foreign traffic. 


past 


ITALIAN INDUSTRIALS MEET 


With the view of helping the future of the chemical 
industries and other Italian industries the principal 
Italian industrials met at Rome under the auspices of 
the Minister of Finances to discuss the difficulties 
through which the said industries are passing, and 
demonstrate the utter impossibility of continuing with 
the present fiscal taxes, which are gradually ruining all 
industrial enterprise. 


WAGE IMPROVEMENT IN THE CHEMICAL INDUSTRY 


After several sittings and discussions, the troubles 
between the Italian chemical workmen and their em- 
ployers were finally settled. Through the accord reached 
the wages will be increased 0.50 lire for the men, and 
0.40 lire for the women, boys and girls, dating back 
‘o Feb. 1, 1921. From this arrangement are excluded 
the dye works of Cengio, Rho, Cesano Maderno and 
Turro, and companies that have national agreements. 


ITALIAN FERTILIZERS 


The demand for immediate delivery of fertilizers is 
nearly stopped, owing to the advanced season. Con- 
tracts for July, August and September delivery of 
important amounts of superphosphate were concluded 
recently, but the prices made in this instance are much 
below those of the market quotations. 


A NEW INDUSTRIAL FAIR 


A new industrial fair, occupying an area of 25,000 
sq.m. and arranged for accommodating over three thou- 
sand exhibitors, was inaugurated in the City of Milan. 
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The leading concerns manufacturing drugs, essences 
and metallurgical products in Italy and other countries 
were represented. Besides the usual world-known 
products, new raw materials for producing refreshing 
drinks, pharmaceutical products and essences were 
noted. German-speaking countries have taken advan- 
tage of this exhibition to advertise their produce in 
all branches and to open new business relations not 
only in Italy but also elsewhere. 


NEW WATER-POWER AND HyYDRO-ELECTRIC 
DEVELOPMENTS IN ITALY 


Further developments took place during the last five 
weeks in Italian hydro-electric plants. The erection of 
an important plant at Mazé has just been started. The 
waters of the River Dora with 60-m. head will be 
diverted, through special canals, to a series of tur- 
bines. The electric power is to be utilized in the 
neighborhood. The Italian Council of Ministers has 
approved special arrangements to guarantee the financ- 
ing of the erection of new hydro-electric plants. A 
law was published constituting the Autonomous Asso- 
ciation for the Development of Hydraulic Power and 
New Waterway along the River Adige to the Lake of 
Garda. This would prove great:y beneficial to the 
provinces of Verona, Mantova, Modena, Bologna and 
Trento. The new concern will have an unlimited cap- 
ital, being financed by some of the most important 
banks, and will use the hydraulic power for light, for 
electrification of the railways and for motive power 
in the industries of these provinces. The construction 
of the second largest hydro-electric plant in the world 
(the Niagara Falls plant being the largest) not far 
from the City of Venice has already been started. Two 
thousand five hundred workpeople are now employed on 
the work of building canals by which a great portion 
of the waters of the River Piave will be caused to run 
into a huge distribution basin leading to the power 
plant. This work is pushed simultaneously with that 
of the enlargement of the port of Venice. 


COAL SCARCITY IN ITALY 


A great famine of American and English coal is be- 
ing experienced, owing to the suspension of all deliv- 
eries from England and to the fact that few ships have 
reached Italy from the United States. This has brought 
up the prices very strongly for the rare lots of the 
coal still available. To help matters as much as pos- 
sible the Italian state railways have further lowered 
the prices of the German war reparation coal which 
they offer for industrial purposes and for consumption 
in the ports. Not all the consumers of coal could take 
advantage of such offer owing to their plants requiring 
better qualities of coal, such as that which can only be 
obtained from the United States and from England. 


ITALIAN ARTIFICIAL DYE INDUSTRY 


The Italian Minister of Industry is studying the ap- 
plication of customs tariffs for favoring the Italia: 
artificial dye industry. This industry, born principall) 
during the war, has now four large works in Lombard\ 
and Liguria, and employs thousands of workmen. Th: 
Italian customs, up to the moment of writing, did no‘ 
place any importation duty on dyestuffs, nor are thes: 
considered among the products of prohibited importa- 
tion. This tariff encounters resistance on the part 0! 


producers of colored fabrics and yarns, who wish to ge’ 
the products they use at as low a price as possible. 
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Survey of Chemical Engineering Education 





Summary of Questionnaire Showing Curriculum of 78 Institutions—Courses Taught Include 49 in Chem- 
istry, 15 in Physics, 10 in Mathematics, 9 in Mechanics, 6 in Engineering Elements, 31 in 
Mechanical, 6 in Civil, 8 in Electrical, 6 in Mining, 14 in Sanitary, 3 in Safety, 14 in 
Industrial, 11 in English, 6 in Languages and 23 Miscellaneous 





HE committee on chemical engineering educa- 

tion of the American Institute of Chemical En- 

gineers, composed of Joseph H. James, Ralph H. 
McKee, Charles L. Reese, Albert W. Smith and James 
R. Withrow, with Arthur D. Little as chairman, has 
initiated a survey of chemical engineering courses in 
seventy-eight institutions in the United States, this 
being the entire number known to the committee as 
offering such courses. Through the co-operation of the 
presidents and heads of departments in these institu- 
tions it has been possible to tabulate in a comparative 
way the apportionment of time and credit to the sev- 
eral subjects included in these courses, and this tabula- 
tion is here presented, primarily as a report of progress 
and for the purpose of precipitating the discussion 
which the extraordinary variation in such weighting 
would seem to justify. 


MULTIPLICITY OF SUBJECTS INCLUDED 


The first feature of outstanding significance is, of 
course, the remarkable multiplicity of subjects that 
have come to be included in these courses. The next 
of important interest is perhaps the widely divergent 
views as to the relative values assigned to the same 
subjects in the different institutions. There appears 
also to be a tendency to multiply courses by the sub- 
division of fundamental subjects into minor courses 
that might conceivably to better advantage be tied 
together into a major course. 


NEED OF STANDARDIZATION 


All this would seem to point quite clearly to an 
imperative need of standardization of courses of chemi- 
cal engineering as taught in our American institu- 
tions. To what extent, however, this may be desirable, 
how it may best be accomplished, or whether a com- 
plete recasting of courses along the lines suggested 
by the case system or the School of Chemical Engi- 
neering Practice of the Massachusetts Institute of 
Technology is the indicated remedy, the committee at 
this time expresses no opinion, preferring to have the 
benefit of the views and discussion which it is hoped the 
publication of this tabulation may provoke. 

Any communications relative to the subject will be 
especially welcomed and will receive careful considera- 
tion if addressed to Dr. Arthur D. Little, chairman of 
the committee, at 30 Charles River Road, Cambridge 
39, Mass. 

The table is being published in advance of the com- 
mittee report to the society at the Detroit meeting 
next week to enable proper study prior to discussion 
there. The views presented at the meeting will be 
published in connection with the report of the meeting 
or separately in a subsequent number. Those who wish 
to forward written communications to the meeting ex- 
pressing their views should send them to Dr. John C. 


Olsen, secretary, Statler Hotel, Detroit, in time for 
presentation on Monday. 
EXPLANATION OF THE TABLES 
Where the parenthetical numbers (5) and (6) are 


used in connection with the hours devoted to a subject, 
five- and six-year curriculums are indicated. The foot- 
notes indicated by single, double, triple and quadruple 
in the respective columns in which they occur. 

The forty-nine headings under chemistry show a 
tendency for a few institutions to offer a specialty such 
as sugar at Louisiana and paper at Maine. It is also 
an indication of the limit of possibilities of chemical 
instruction and how much must be left for the student 
to dig out for himself after graduation. Irish history 
seems to be the joker, no institutions giving credits 
or devoting hours to it, but the committee must have 
included it with full knowledge that no chemical engi- 
neer can get along in a manufacturing plant without 
knowing the ways of the Irish foremen. 


CHEMICAL ENGINEERING LABORATORY 
FACILITIES MEAGER 


Only twenty-seven out of the seventy-eight institu- 
tions included in the report offer any chemical engineer- 
ing laboratory facilities or instruction. In any other 
field of engineering education this would be inconceiv- 
able. However, the types of equipment that are avail- 
able for student work are so very limited in variety and 
size that it is an open question whether equipment oper- 
ation can be studied anywhere except in a manufactur- 
ing plant. The large-scale evaporator station at the 
University of Michigan shows the possibilities for en- 
gineering research and design data determinations 
within the province of the university. Other fields of 
activity such as distillation, reduction and grading of 
solids might be similarly intensively developed on a 
large scale, if the commercial interests involved could 
be persuaded to co-operate with the institution having 
the best fitted staff to take up the work. 

The large number of white spaces under Industrial 
Engineering again emphasizes the fact that the stu- 
dent going into a plant organization has to realize that 
he has just graduated into being his own teacher. He 
must be able to create a course for his own study on 
production engineering, costs, operation planning, in- 
Gustrial relations, commercial specifications, estimates 
and contracts whenever there is a demand, if he is ever 
to quit the drawing board and be an executive. 

Undoubtedly there are errors, some even so colossal 
as omitting the name of some very important institu- 
tion such as the University of Illinois or physical chem- 
istry from the curriculum of Boston Tech. We shall 
be glad to publish all corrections received and forward 
them to the committee. 
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Specifications for the Color of 
Gypsum Plasters 


By WARREN E, EMLEY AND CHARLOTTE G. FAXON* 


N THE Tentative Specification for Gypsum Plasters, 

published by the American Society for Testing 
Materials, in 1920, the following paragraph occurs: 

“Calcined gypsum for finishing coat may or may not 
contain retarder. It may be sold in two grades—viz., 
‘white’ and ‘gray.’ ”’ 

Numerous are on record where dealers have 
ordered gypsum plaster of such a color that it will 
match a previous shipment. If the second lot is to be 
used to patch a wall which has been plastered with the 
first lot, obviously the colors must match pretty closely. 

For white coat work it is customary to mix calcined 
gypsum with lime putty. Unless the mixing is done 
with unusual care, there will be spots of lime visible in 
the finished wall. Just how plainly visible these spots 
are will depend upon the relative colors of the lime and 
the gypsum. If they are both the same color, the 
spots will be invisible; if one is nearly white and the 
other dark, the effect may be be so bad as to condemn 
the plaster. 


cases 


INVESTIGATIONS FOR MEASURING THE COLOR 
OF GYPSUM PLASTERS 


The above citations illustrate the need for some 
method of measuring the color of gypsum plasters and 
of specifying any color which may be desired. In order 
to meet this need an investigation was undertaken at 
the Bureau of Standards, and this paper is intended 
to present the results so far obtained. 

Fortunately, the method had already been established, 
and the equipment was available. These are described 
in detail in Bureau of Standards Technologic Papers 92 
and 167. Irwin G. Priest, chief of the color section of 
the bureau and author of both of the above 
papers, has co-operated with us not only by giving per- 
sonal supervision to the experimental work, but also 
by assisting in the interpretation of the data. 

A careful study of the subject can be made only by 
reference to the two papers cited above. For this 
reason, only a brief description of the method used 
will be given here. 

A small block of the plaster to be examined was 
molded and allowed to become thoroughly dry and hard. 
It was mounted for spectrophotometric examination 
beside a standard block of magnesium carbonate in a 
box so that the sample and standard were diffusely and 
equally illuminated, and so placed that one half of the 
spectrophotometer field was illuminated by light re- 
flected by the sample, while the other half was illumi- 
nated by light reflected by the standard. By rotating 


senior 


a Nicol prism, the brightness of one half the field 
may be made to increase, while that of the other 
half simultaneously decreases. When the two halves 


match, the position of the prism indicates the relative 
quantities of light reflected from the sample and the 
standard. By rotating a glass prism in the path of 
the reflected light any wave-length may be 
selected, light of every other wave-length being simul- 
cut off. It is thus possible to measure the 
ability of the sample to reflect light of any wave-length 
and to compare this ability with that of the standard 


desired 


taneously 


f the Director Bureau of Standards 
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magnesium carbonate which reflects nearly 100 per cent 
of the light falling on it. The ratio between the inten- 
sities of the light of any given wave-length reflected by 
the sample and by the standard may be expressed as a 
percentage, and may be plotted against the wave-length. 
This method of expressing the results is shown in Fig. 1, 
which is drawn from actual data obtained by measure- 
ments of the reflecting powers of a gypsum plaster for 
lights of different wave-lengths. 

A careful study of this curve is worth while, as it 
illustrates several points pertinent to the problem in 
hand. If the curve is a straight, horizontal line, the 
color which it represents will be neutral—white, gray, 
or black. Whether the color is white or black will be 
indicated by the position of the line. If the line shows 
100 per cent reflection for all wave-lengths, the sample 
is as nearly white as the standard. A perfect black 
would show zero per cent reflection for all wave-lengths ; 
intermediate positions of the line indicate varying 
shades of gray, but the grays are purely neutral only 
when the line is straight and horizontal. In the case 
illustrated, the line is neither straight nor horizontal. 
It shows that the reflecting power of the sample for 
blue light was deficient, which is another way of say- 
ing that the sample has a yellow or red tint, and the 
sample varies from neutral gray to that extent. Since 
the reflecting power runs from about 50 per cent of 
that of the standard in the blue to about 70 per cent 
in the red, it is evident that the ‘neutral gray to which 
the color of this sample approaches is not very nearly 
white. 

Fig. 2 shows the approximate average spectral dis- 
tribution of light from the noon sun at Washington. If 
the ordinate of this curve corresponding to each wave- 
length is multiplied by the per cent reflection for that 
wave-length as shown in Fig. 1, the results may be 
plotted to give the curve in Fig. 3. This curve repre- 
sents the spectral distribution of sunlight after reflec- 
tion from the sample. The.area under this curve is 
proportional to the total reflection of the sample for 
sunlight. This area may be expressed as a fraction of 
the area under the standard curve, Fig. 2. The rela- 
tive brilliance of the sample is then directly proportional 
to the logarithm of this fraction. 

Measurements were made on thirteen samples of 
gypsum plasters, to determine their ability to reflect 
lights of different wave-lengths. The results were 
plotted in curve form, of which Fig. 1 is typical. All 
of the curves were of the same general shape—that is, 
all of the plasters had a yellow or red tint. The curves 
differed in their positions, however, which shows that 
some of the samples approached the whiteness of the 
standard more closely than others did. 


REQUIREMENTS FOR SPECIFYING THE COLOR 
OF A PLASTER 


Inasmuch as the samples examined were selected as 
being representative of the entire field and the curves 
were all found to be similar in shape and without pro- 
nounced breaks, it may be assumed that gypsum plasters 
will not show any pronounced color unless some pigment 
has been intentionally added. The color of a plaste: 
may therefore be specified by stating how much it varies 
from gray (that is, how red or vellow it is), and how 
far this gray departs from the standard white. Th: 


former requirement may be expressed numerically a 
the ratio of the per cent reflection of blue light (com 
pared with the standard) to the per cent reflection o 
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FIG.1- Amount of Light of Different Colors Reflected 
by Sample N° 9 Expressed as Per Cent of the Amount 
Reflected by a Standard White Surface. 
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FIG.2 - Spectral Distribution of Average noon 
Sunlight at Washington D.C. 
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FIG.3 - Spectral Distribution of Sunlight as Reflected 
from Sample N° 9. Each Ordin is the Product 
of the Correspondent Ordinates of Figs |and 2 
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FtG.4- Comparative Colors of Samples Examined 


yellow light. Blue light has a wave-length of 436 milli- 
microns; yellow light, 578 millimicrons. If this ratio 
is 1, the sample is gray; if greater than 1, it has a 
blue tint; if less than 1, a yellow tint. The second 
requirement has already been defined as being numeri- 
cally expressed by the logarithm of the ratio between 
the area of the curve shown in Fig. 3 to the area of 
the sunlight curve shown in Fig. 2. 

The results obtained from the thirteen samples ex- 
amined are listed in the following table, and are shown 
in the form of a diagram in Fig. 4. 





= 
Z. Description of Sample sane 
> ~—— 
va == 
| Plaster of paris F (Nova Scotia gypsum) 0.900 
4 Windsor FFF plaster (Nova Scotia gypsum) 0 870 
8 Superfine Windsor cement (Nova Scotia gypsum) 0 846 
9 Wood fibered plaster (Nova Scotia gypsum) 0 787 
10 Potters’ plaster (Nova Scotia gypsum) 0.923 
2 Retarded gaging plaster, Oklahoma 0 866 
12 Unfibered cement plaster, Oklahoma 0.881 
15 Molding plaster, Oklahoma 0.898 
20 Molding plaster, Ohio 0 863 
21. Stucco, lowa 0. 907 
22 Retarded stucco, Iowa 0.925 
23 Molding plaster, New York 0.939 0 100 
25 Stucco, New York 0.957 0 106 


In the last column a small number indicates a close 
approach to the whiteness of the standard. The smaller 
the number in the next to the last column the more 
yellow is the sample. If this figure were 1, the sample 
would be gray. 

In Fig. 4 a horizontal line has been drawn midway 
between the extreme values of samples 10 and 11. It 
is proposed that all samples falling above this line 
may be called white, and all samples falling below it 
gray. <A careful visual examination of the samples 
indicates that this classification is satisfactory. 

The position of the vertical line has been arbitrarily 
fixed. Sample 9 is apparently the only one which might 
be condemned as being too yellow, and the line has been 
placed accordingly. Samples falling to the right of this 
line should not be designated as either white or gray; 
they are yellow. 

The requirements suggested for a “white” plaster 
are therefore: (1) The logarithm of the diffused re- 
flection for average sunlight shall be numerically less 
than 0.147, and (2) the ratio of the reflection of blue 
light (wave-length 436 millimicrons) to the refiec- 
tion for yellow light (wave-length 578 millimicrons ) 
shall be not less than 0.8. 

For a “gray” plaster, requirement 1 as changed to 
read “more than” instead of “less than.”” Requirement 
2 is the same for both white and gray plasters. 

While it is believed that a “white” plaster meeting 
the requirements given above will be nearly enough 
white to be satisfactory for all commercial purposes, it 
must be remembered that the requirements are rather 
lenient. Therefore, white plasters may differ notice- 
ably among themselves. If it is necessary that two 
white plasters shall match each other, much more rigid 
requirements must be specified. 

In case a plaster of perfectly definite color is desired, 
an individual specification must be written, for it is 
obvious that there can be as many such specifications as 
there are colors. It is suggested that in writing such 
a specification a curve similar to Fig. 1 be drawn, indi- 
cating the desired color by the shape and position of 
the curve. A deviation from the curve of 5 per cent 
either way at any wave-length should be permitted. 
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The following list of manufacturers of byproduct coke in the United States May 1, 1921, has been compiled 


by the United States Geological Survey: 


()perator 
Alabama 
Alabama By-Products ( orp 
Gulf States Steel Co 
Semet-Solvay Co 


Also in Ill., Ky., Mich., N. Y., Obio, Pa 


(Tenn. C. 1. & R.R. Co.) 

(Central Iron & Coal ¢ 0,) 
Sloss-Sheffield Steel & Lron Co 
rennessee Coal, Iron & R.R. Co 
Woodward Iron ¢ 


Colorado 

Colorado Fuel & Iron Co 
Illinois 

Chicago By-Product Coke Co 


Coal Products Mfg. Co 


Illinois Steel Co. (Also in Ind.) 
International Harvester Co 
North Shore Gas C« 


St. Louis Coke & Chemical Co 


Indiana 


ral Indiana Cias ¢ 


Illinois Steel Co. (Also in IIL) 
Indiana Coke & Gas Ce 


Inland Steel ¢ 


Steel & Tube Co. of American (Al in 


Kentucky 

Semet-Solvay Co. (A n Als.. etc.) 

(Kentucky Solvay Coke Co.) 

Maryland 

Bethlehem Steel Co. (Also in Pa) 
Massachusetts 

New England Fue! & Trans. ¢ 
Michigan 

Ford Motor Co 

Michigan Alkali C: 

Semet-Solvay Co. (Also in Ala., ete.) 
Minnesota 

Minnesota By-Product Coke Co 

Minnesota Steel! Co 

Zenith Furnace ¢ 
Missouri 

Laclede Gas Light ¢ 
New Jersey 

Camden Coke ( 

Seaboard By-Product Coke Co 
New York 

Donner-Union Coke Corp 

Empire Coke Co 


Lackawanna Stee! ¢ 


Semet-Solvay Co. (Also in Ala., ete.) 
(Wickwire Steel Co.) 
Ohio 


American Steel & Wire Co 
Brier Hill Steel Co 
Hamilton-Otto Coke Co 
MekKinney Steel C<« 
National Tube Co 
Penn Iron «& ( oal ¢ 0 
Republic Iron & Steel Co 
Semet-Solvay Co. (Also in Ala., etc.) 
(Otis Steel Co.) 
(Ironton Solvay Coke Co.) 
(Portsmouth-Solvay Coke Co.) 
Toledo Furnace Co 
United Furnace Co 
rhe Youngstown Sheet & Tube Co 
Pennsylvania 
Allegheny By-Product Coke Co 
Bethlehem Steel Co. (Also in Md.) 


Cambria Steel ( 


(Carnegie Steel ( « 


Jones & Laughlin Steel C« 


Philadeiphia Suburban Gas & Electric 


Pittsburgh Crucible Steel Co 
tainey-Wood Coke Co 
Semet-Solvay Co.( Also in Ala., ete.) 
(American Manganese Mfg. C« 
Rhode Istand 
Providence Cias Co 
Tennessee 
Chattanooga Coke & Gas ¢ 
Washington 
Seattle Lighting Co 
West Virginia 
Domestic Coke Corp 
La Belle Iron Works 
Semet-Solvay Co. (Also in Ala., ete.) 
National Tube Co.) 
Wisconsin 
Milwaukee Coke & Gas Co 
Steel & Tube Co. of America 


Address 


American Trust Bldg., Birmingham 
Brown- Marx Bldg., Birmingham 
BP, Bee Bu nwstcesceessi 


(Birmingham) ....... 
(Holt)... ; ee 
American Trust Bldg., Birmingham 
Birmingham : 
Woodward 


3oston Bidg., Denver 


Peoples Gas Bldg., Chicago. . 


606 South Michigan Ave., Chicago 
Waukegan.. 


208 South La Salle St., Chicago 
Syracuse, N. ¥ 
(Chicago). 


Muncie 
Majestic Bldg., Indianapolis 


208 South La Salle St., Chicago, Ill 
Terre Haute 


South Dearborn St., Chicago, Ill 
Linton 


111 W. Washington St., Chicago, Ill. 


Syracuse, N. ¥ 
(Ashland) 


Bethlehem, Pa 
111 Devonshire St. , Boston 


Dearborn 
Wyandotte 
Syracuse, N. Y 


1000 Hamline Ave., St. Paul 
Morgan Park Station, Duluth 
West Duluth 


1017 Olive St., St. Louis 


80 Park Place, Newark 
Box 267, Jersey City 


Box 193, Buffalo 


Geneva 
Buffalo 


Syracuse 
(Buffalo) 


Western Reserve Bldg., Cleveland 
Youngstown . ees 
Hamilton 

Perry-Payne Bldg., Cleveland 
Frick Bldg., Pittsburgh, Pa 
Leader-News Bldg., Cleveland 
Republic Bidg., Youngstown... .. 
Syracuse, N. Y Pe es 
(Cleveland) 
(Ironton) 
a. rere 
Western Reserve Bldg., Cleveland 
Western Reserve Bldg., Cleveland 
Stambaugh Bldg., Youngstown 


Mc Keesport 
Bethlehem 


Widener Bldg., Philadelphia 


Carnegie Bldg., Pittsburgh 


Pittsburgh 

Chester 

Pittsburgh 

52 Vanderbilt Ave..N. Y. City 
Syracuse, N. Y 

(Philadelphia) 


lurks Head Bldg., Providence 
James Bldg., Chattanooga 
Stuart Bldg., Seattle 

Drawer 436, Cleveland, O 
Steubenville, O 

Syracuse, N. ¥ 


(Pittsburgh, Pa.) 


Milwaukee 
First Nat'l Bank Bldg., Milwaukee 


Name or Location of Works 


Birmingham 
Alabama City.. 


Ensley 
Tuscaloosa 
Birmingham 
Fairfield 
Woodward 


Minnequa 


Chicago 


Joliet 
South Chicago 
Waukegan 


Granite City 


South Chicago 
Muncie 
Langsdale . 
Prospect... 
Gary ‘ 
Terre Haute 
Indiana Harbor 


Linton 
Indiana Harbor 


Ashland 
Sparrows Point 
Everett 


Dearborn 
Wyandotte 
Detroit 


St. Paul 
Duluth 
West Duluth 


St. Louis 


Camden 
Kearny 


Buffalo 


Geneva 
Lackawanna 


Solvay 


Buffalo 


Cleveland 
Youngstown 
Kokotto 

River Furnaces 
Lorain 

Canal Dover 
Youngstown 


Cleveland 
Ironton , 
Portsmouth 
Toledo 
Canton 
Youngstown 


Glassport 


Bethlehem 
Lebanon 


Steelton 


Franklin 


Rosedale 
Clairton 

Farrell 
Pittsburgh 
Chester 
Midland 
Swedeland 
Dunbar 
Sassafras Point 
Alton Park 


Seattle 


Fairmont 
Follansbee 


Benwood 


Milwaukee 
Mayville 


Number and Kind of Ovens 


50 Koppers 
37 Koppers 


240 Semet-Solvay 

60 Semet-Solvay 

120 Semet-Solvay 

434 Koppers 

80 Koppers 

60 Wilputte 

90 Koppers being rebuilt 
120 Koppers 


100 Koppers building 
35 Koppers 

18 Wilputte 

280 Koppers 

88 Wilputte 

13 Semet-Solvay 

80 Roberts 

240 Roberts building 


280 Semet-Solvay 


22 Klonne 
41 Semet-Solvay 
100 United-Otto 

40 Wilputte 
700 Koppers 
30 Gas Machinery 
30 Koppers 

130 Koppers 

3 Gas Machinery 

120 Semet-Solvay 


108 Semet-Solvay 
300 Koppers 
400 United-Otto 


120 Semet-Solvay 
54 United-Otto 
215 Semet-Solvay 


65 Koppers 
90 Koppers 
65 United-Otto 


56 Koppers 

8 Piette building 
150 United-Otto 
165 Koppers 


150 Koppers 

46 Semet-Solvay 
94 United-Otto 
282 Rothberg 
60 Semet-Solvay 
40 Semet-Solvay 
60 Semet-Solvay 


180 Koppers 

84 Koppers 

100 United-Otto 
204 Koppers 
208 Koppers 

24 Roberts 

143 Koppers 


100 Semet-Solvay 
60 Semet-Solvay 
108 Semet-Solvay 
94 Koppers 

47 Koppers 

306 Koppers 


120 United-Otto 
424 Koppers 

90 Semet-Solvay 
120 Semet-Solvay 
60 Koppers 


{ 210 United-Otto 


‘ 92 Koppers 


190 Cambria-Belgian 
60 Camb.-Belg. bldg 
60 Cambria-Belgian 


| 88 Semet-Solvay bldg 


768 Koppers 

212 United-Otto 
300 Koppers 

40 Semet-Solvay 

100 Koppers 

110 Koppers 

110 Semet-Solvay 
40 Koppers 

24 Semet-Solvay 


20 Klonne 


60 Koppers 
94 Koppers 


120 Semet-Solvay 


120 Semet-Solvay 
108 United-Otto 
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The Slip Interference Theory of the Hardening of Metals 





A Mechanical Conception of Hardening of Pure Metals, Allotropic and Non-Allotropic, of Solid Solutions 
of Constant or Variable Solubility, and of Metallic Aggregates—In General, Hardness Is Due 
to Interference With Slip, a Characteristic Property of Ductile Crystals 


By ZAY JEFFRIES 


AND R. S. ARCHER 





N GENERAL, pure metals in their normal condition 

are relatively soft and weak. They can be usefully 

hardened and strengthened by mechanical work and 
by alloying, and their alloys can often be further hard- 
ened by heat-treatment. The methods of hardening the 
different metals vary so much in detail, and the phenom- 
ena which accompany hardening are so unique, that 
there has arisen a variety of special theories to account 
for the mechanism of hardening. It is our purpose to 
present a more general theory applicable to all cases. 


DEFINITION OF HARDNESS AND ABSOLUTE COHESION 


The general terms “hardness” and “strength” con- 
note a number of more specific physical properties. The 
most definite of these is the proportional limit or, what 
is practically the same thing, the elastic limit. The 
common measure of the strength of a material is its 
“tensile strength,” or the maximum intensity of tensile 
stress endured before rupture, calculated on the original 
cross-sectional area of the test-piece. This is obviously 
a more complex property than the elastic limit. Hard- 
ness may mean resistance to indentation, as measured 
by the Brinell test; resilience, as measured by the 
Shore scleroscope; scratch hardness, cutting hardness, 
resistance to machining, or some other special kind 
of hardness. All of these properties may be embraced 
in the general definition: Hardness is resistance to 
permanent deformation. 

Metals owe their hardness and strength to the attrac- 
tive forces between their atoms. Any permanent 
deformation of a metal involves changes in the relative 
positions of some of the atoms, and therefore the break- 
ing, temporarily at least, of some interatomic “bonds.” 
The rupture of any material, whether with or without 
permanent deformation, also involves the breaking of 
interatomic bonds. The greatest possible resistance 
that a material can offer to deformation or rupture is 
the summation of all the interatomic bonds on a plane 
through the specimen normal to the stress, a summa- 
tion which may for convenience be termed the “absolute 
cohesion” of the material. Actually such a summation 
of forces never is realized, and its total is more than 
sufficient to account for the strength of the strongest 
alloys. Rupture always takes place by degrees, and 
the breaking of atomic bonds is not simu!taneous. The 
tensile strength of a material therefore represents the 
maximum number of atomic bonds that come into play 
simultaneously during the test, and since the elastic 
limit usually comes at a lower stress, it represents a 
still smaller percentage of the absolute cohesion. 

Absolute cohesions of metals are far in excess of the 
values obtained for tensile strength. A qualitative illus- 


tration of this fact may be found in a consideration of 
some properties of pure iron. The tensile strength, in the 


hot-rolled condition, is about 40,000 lb. per sq.in., a value 
representing as usual the maximum load divided by original 
cross-section. 


If the actual reduced area of the test-piece 





is measured throughout the progress of the test and the 
stress computed on this basis, a value will be found for the 
maximum stress which is much higher than the tensile 
strength. The maximum stress will then be about 80,000 
lb. per sq.in. Severely cold-worked iron may show a ten 
sile strength of 150,000 lb. per sq.in. The maximum actual 
stress is again somewhat higher (165,000), but not in so 
large a ratio as in the case of the hot-rolled iron. 

Even in the cold-worked iron, rupture still takes place 
by degrees—that is, by a kind of tearing action—so that 
the highest of these figures still does not represent the 
inherent absolute cohension. The significant thing is that 
the inherent cohesion of the pure metals is more than 
sufficient to account for the strength of their strongest 
alloys. The strengthening of a metal by cold-work can 
only be due to some mechanism by which the interatomic 
bonds are brought more effectively into play, so that more 
of them have to be broken simultaneously. When a metal 
is strengthened by alloying, the interatomic forces due to 
the presence of unlike atoms may enter as an additional 
factor, but the main factor in the hardening and strength- 
ening consists in taking better advantage of the great 
inherent cohesion of the principal metal. 

Metals are crystalline and are built up of atoms 
arranged in definite and repeating patterns. The regu- 
larity of atomic arrangement gives rise to certain planes 
of weakness, or low resistance to shearing stress. When 
an external load produces a shearing stress on such a 
plane which exceeds the resistance of the crystal to 
shear on that particular plane, fracture of the crystal 
takes place. The fragments formed may or may not 
adhere to each other. If they do not, the failure of 
the crystal is complete, and it is said to be brittle. 
The plane of weakness is then known as a cleavage 
plane. More generally, in the useful metals, the crys- 
tal fragments adhere and merely glide or “slip” over 
each other. The result of such slip, repeated on many 
planes, is a measurable permanent deformation; the crys- 
tal is ductile, and the planes of weakness are called “slip 
planes.” 

The first appreciable formation of slip planes marks 
the beginning of plastic deformation and therefore 
the passing of the elastic limit. The resistance to 
permanent deformation, which is a general measure of 
hardness and strength, represents resistance to the 
beginning and propagation of slip. Anything that 
serves to hinder slip is a source of strength and hard- 
ness. The hardening and strengthening of metals by 
any of the known methods may be considered as due 
principally to interference with slip. 


FRACTURE IN A SINGLE DUCTILE CRYSTAL 


Fig. 1-A represents a test-bar of square cross-section, 
which is supposed to consist entirely of a single grain of 
a ductile metal. It is further supposed that this grain has 
such an orientation that planes of easy slip are perpen- 
dicular to the plane of the paper and make angles of about 
45 deg. with the axis of the test-piece. Now if the piece 
is subjected to tension, shearing stresses are developed 
which reach a maximum value at 45 deg. to the tensile load 
and hence parallel to the planes of easy slip. As these 
stresses increase, failure of the crystal will take place in 
the form of slip, or block movement, along one of these 
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planes, ab, the location of which will generally be 
mined by some local weakness. (Fig. 1-B.) 

Ductile metals property of automatically 
imiting the extent of the movement on any particular slip 
plane. Instead of slip continuing on the first plane until 
complete rupture of the piece occurs, the movement comes 
to a stop after a displacement which is very small as com- 
pared with the dimensions of the test-piece. The actual 
displacement may be something on the order of one twenty- 
thousandth of an inch, or about 5,000 atom diameters. The 
resistance to movement along the first slip plane increases 
‘0 that slip is forced to take place on new planes. 

The amorphous metal theory of Beilby offers what appears 
to the present authors to be the only completely satisfactory 
explanation of this phenomenon. The rubbing together of 
the crystal fragments on the plane of slip is supposed to 
tear some of the surface atoms loose from their regular 
crystalline arrangement, thus forming a layer of amorphous 
metal. The friction generates heat rapidly so that a high 


deter- 


possess the 


cot — —+ 




















ries, 1 \ TO Db 


PLASTIC 
COMPOSED OF} \ 


DEFORMATION OF TEST-BAR 
SINGLE DUCTILE CRYSTAL 


temperature is reached locally. 
ture softens the amorphous metal, which is essentially 
merely an undercooled liquid. With the softening of the 
amorphous metal layer the resistance to slip diminishes 
and there is less frictional heat developed. The high local 
temperature is then quickly dissipated by conduction to the 
surrounding metal, whereupon the amorphous metal hardens 
and offers a resistance to further slip which is greater than 
that on planes on which slip has not yet occurred. 

To return to our single crystal test-bar, let us suppose 
that the second slip is on a conjugate plane cd, making an 
angle of about 90 deg. with the planes of the first set. (Fig. 
1-C.) It is readily seen how repeated slips of this char- 
acter result in a general increase in the length of the test- 
bar, and a decrease in its diameter. 

Fig. 1-D represents the test-bar after rupture. 
on the left shows the same surface of the bar as in the 
three views above, and illustrates the multiplication of 
intersecting slip planes, especially near the fracture. The 
view on the right shows a face of the test-bar at 90 deg. to 
that on the left. It will be noted that there has been no 
reduction in diameter on this face at the fracture. The 
test-piece has drawn out into the shape of a wedge. This 
result has actually been obtained by Sykes' on single-crystal 
wires of molybdenum, and similar results have been obtained 
by the authors with aluminum. 


This high local tempera- 


The view 


RELATION BETWEEN GRAIN SIZE AND STRENGTH 

In the single-crystal test-piece with its planes of easy 
slip parallel to the maximum shearing stress we have the 
worst possible condition for resisting an applied load. 
The resistance to the beginning of slip is limited to 
the shearing strength of the crystal, since the exterior 
surfaces of the crystal are free and are not supported 
in any way. After slip has occurred on a number of 
planes additional resistance to slip is created, as will 
be explained later, and the maximum load sustained 


Effect of Temperature, Deformation, Grain Size and Rate of 
Loading on the Mechanical Properties of Metals,” W I’. Svkes, 
\.LM.E., February, 1921, meeting 
\.1.M.E., vol. 660, p. 428 
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may be well above the load required to produce the first 
slip. 

Ordinary pieces of metal are aggregates of many 
crystalline grains of different orientations. Between 
the grains there must exist metal of disordered atomic 
arrangement. Whether or not this boundary metal 
possesses the perfectly random arrangement of atoms 
demanded for the “vitreous amorphous” cement of 
3eilby, it appears to possess the fluid characteristics of 
amorphous substances. At low temperatures it further- 
more possesses great hardness and strength, doubtless 
because of the absence of potential slip planes. 

In an aggregate of many grains of different orienta- 
tion, there cannot be any continuous plane of weakness. 
The application of a load cannot produce any slip planes 
extending entirely across the section, as in the case of 
the single grain just considered. When slip takes place 
in any one grain it cannot continue without change of 
direction into adjacent grains because, except in very 
rare instances, the potential slip planes of adjacent 
grains do not register. The permanent deformation of 
the metal is thus resisted at the grain boundaries by 
the disregistry of the planes of low cohesion, and es- 
pecially in fine-grained metals, by the specific hardness 
of the amorphous cement, which itself is due to the 
absence of planes of weakness. The result is an in- 
crease in elastic limit, hardness, and strength. 

Sykes’ tests on molybdenum wire are of particular in- 
terest in this connection, since we have single-grain wire 
as a starting point. The following figures are a striking 
illustration of the strengthening effect of grain refinement: 

Grain Size Tensile Strength 
Lb. per Sq.In. 
32,000 


51,000 
96,000 


Single grain- , peewe eae’ Te 
Average grain diameter of 0.0011 in 
Average grain diameter of 0.0002 in 


All these wires had a diameter of 0.025 in., and were 
tested at 300 deg. C., far below the lowest annealing temper- 
ature of molybdenum, which is about 900 deg. C. At this 
temperature (300) the results are properly comparable, 
since all specimens possessed considerable ductility. 

The effect of grain size on the hardness of alpha brass 
has been carefully worked out by Bassett and Davis’. Fig. 
2 shows their results obtained on a 68-32 brass. The speci- 
mens having a Brinell hardness of 80 or less are stated 
to be completely recrystallized. A change in hardness from 
42 to 80 is therefore attributable entirely to grain refine- 
ment. From these results and his own observations, Prof. 
C. H. Mathewson of Yale has deduced an equation connecting 
hardness and grain size, as follows: 

, K 
Brinell Hardness - 
yD 
where D is the diameter of average grain in millimeters, 
and the constant K has a value of about 30. 

It is evident that twinning planes as well as grain 
boundaries represent discontinuity of the planes of weak- 
ness and hence interference with slip. The change in 
orientation at a twinning plane, however, is much less 
complete than at a grain boundary, and the strengthening 
effect is therefore less. While it is not possibie for slip to 
take place through twin crystals on a continuous plane, it 
is possible and probably usual for slip to follow a continu- 
ous surface, which has the form of a “broken plane.” The 
intersection of such a surface with the plane of a polished 
specimen is a broken line. Slip bands through twins are 
accordingly continuous but change direction at each twin- 
ning plane. (See Figs. 9 and 10, page 1063.) 


The molybdenum wire tested by Sykes was made up of largé 
grains which occupied the entire cross-section of the wire, but 
did not extend the full length of the pieces tested. Since each 
test-piece contained several grains of varying orientation, failure 
would be most apt to occur in that grain which happened to have 
planes of easy slip most nearly in the direction of maximum shear 
stress Furthermore, it is probable that out of the number of 
grains involved some one grain was oriented very nearly in this 

of greatest weakness. The results therefore 
the lowest strength of molybdenum of the size tested. If the 
elastic limit had been determined we would have a value very 
close to the resistance to shear on the planes of easiest slip. 

“A Comparison of Grain Size Measurements and Brinell Hard- 
ness of Cartridge Brass,”” W. H. Bassett and C. H. Trans. 
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The permanent deformation of a metal by cold-work 
involves the breaking of the grains into fragments along 
intersecting systems of slip planes, and movement of 
these fragments with respect to each other. In the first 
stages of deformation the crystalline fragments within 
any one grain undoubtedly retain considerable uniform- 
ity of orientation. As the deformation proceeds, there 
must be some rotational movement of the fragments, 
this being especially true near the old grain boundaries. 
In so far as new orientations are created, the effect is 
equivalent to grain refinement. It is probable that even 
after severe cold-working there is still general uniform- 
itv of orientation in the fragments of any particular 
grain. The slip interference at the surfaces between 
such fragments of somewhat similar orientation is 
therefore more on the order of the interference at 
twinning planes than of the interference at grain boun- 
daries. Additional interference is offered by such amor- 
phous metal layers as may be formed at the slip planes. 

The degree of hardening and strengthening by cold- 
work may be very great, especially when it is possible 
to carry the working to extremes without causing spon- 
taneous annealing. The following values illustrate the 
degree of strengthening for various metals. The term 
“normal” refers to a structure of equiaxed grains of 
average size: 


Tensile Strength, Lb. per Sq.in. 
Severely 


Metal Normal Cold-Worked 
Aluminum 12,000 35,000 
Copper 30,000 TOL000 
Iron 10,000 150,000 
Nickel . 60,000 250,000 (2 mil. wire) 
Molybdenum 85,000 385,000 (2 mil. wire) 
Tungsten Brittle 550,000 (2 mil. wire) 
Tungsten Brittle 700,000 (4 mil. wire) 


The great increase in strength by cold-working can 
be due to only one cause—the more effective utilization 
of the inherent cohesion of the metal. This is accom- 
plished by minimizing the effect of the planes of weak- 
ness resulting from the normal] crystalline structure. 


HARDNESS OF SOLID SOLUTIONS 


It is a general rule that metals are hardened and 
strengthened by the addition of elements which dissolve 
in them to form solid solutions. Our knowledge of the 
structure of solid solutions is quite limited, but from 
the results so far obtained it seems that the atoms of 
the solute replace those of the solvent without substan- 
tial change in the space lattice of the latter, up to the 
limit of the first or “alpha” solution in case of limited 
solubility, or the first of a series of solid solutions. 
This conclusion is based upon studies of alloy series in 
which the components have similar atomic volumes, and 
somewhat different conditions may obtain when this 
criterion is violated. There is good reason to believe, 
however, that in all cases solid solutions are character- 
ized by the atomic dispersion of their components. 

When an intermetallic compound forms and dissolves 
in one of the component metals, it is commonly consid- 
ered to go into solution “fas such.” For example, austen- 
ite is generally held to be a solution in gamma iron of 
ron carbide rather than of elementary carbon. This 
implies that distinct molecules of iron carbide are dis- 
persed in the gamma iron. 

From the evidence available, and particularly from a 
onsideration of the phenomena of diffusion, the authors 
nave reached the conclusion that this is not the case, 
ut that the carbon in austenite is present as individual 

toms of carbon. These atoms are undoubtedly held 


trongly to the neighboring iron atoms, but the union 
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is not permanent. Diffusion must consist in a migra- 
tion of carbon atoms and not of groups or “molecules” 
containing several iron atoms. Such groups could not, 
on account of their size, diffuse through solid iron. 
According to this view cementite has no existence 
except as a crystalline substance, which is not merely 
precipitated but formed on the decomposition of susten- 
ite. An entirely similar conception is held of other 
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FIG, 2 GRAIN SIZE VERSUS HARDNESS IN ALPHA 
BRASS, ACCORDING TO BASSETT AND DAVIS 


cases involving the solubility of an intermetallic com- 
pound, in particular of the case of aluminum and the 
compound CuAl, discussed later in some detail. 

For the present the essential point is that the dis- 
persion of the components in a solid solution is certainly 
atomic in many cases and probably atomic in all cases. 
The increased hardness and strength are therefore 
traceable directly to increased interatomic forces, the 
attraction between unlike atoms being in general 
greater than between like atoms. We may conceive an 
additional mechanical factor in the form of a roughen- 
ing of the slip planes due to the presence of atoms of 
unlike size, or, as Bridgman puts it, a staggered ar- 
rangement of the atoms. 

Because of the atomic dispersion of the components and 
the interchangeability of the atoms, it is quite natural that 
solid solutions should, in general, possess ductility compar- 
able with that of pure metals. They can be deformed plas- 
tically by the process of gliding on slip planes and are 
thereby hardened by the breaking up of their planes of 
weakness. The hardening and strengthening effects of 
grain refinement and cold-working apply to solid solutions 
as well as to pure metals, and are superimposed upon the 
hardening effect of the solute. 

The structural constituents in alloys which possess 
the greatest specific hardness and strength are the 
intermetallic compounds and non-metallic compounds 


such as oxides. The structure of intermetallic com- 
pounds is less krown than that of solid solutions, 
inasmuch as the atomic arrangement has not been 


worked out, to the authors’ knowledge, for a single com- 
pound of this type. In general, these compounds are 
of a low order of symmetry, which, together with the 
large interatomic forces involved, accounts for their 
great hardness. The atoms are probably arranged in 
such a way that those of one element are not inter- 
changeable with those of another element. This would 
account for their lack of plasticity. 


One of the most important considerations in the loading 
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of any brittle material eccentrically distributed stress. 
A ductile m subjected to eccentric loading quickly 


adjusts itself by permanent deformation at any points where 


iterial 


the stress exceeds the elastic limit, with comparatively little 
damage. This is not possible in a brittle substance, and if 
the stress at any point In a piece subjected to load exceeds 
the elastic limit, rupture results. It is obvicusiy easier to 


avoid local overstressing in small pieces than in large pieces. 
This accounts for the fact that many materials, which are 
commonly thought of as very fragile, show remarkably high 
strength when tested in small sections. Vitreous silica, for 
example, 1s quite easily broken when in fairly large pieces, 
although it shows a tensile strength as high as 160,000 Ib. 
per sq.in. in the form of fibers. 

This point is important in the present discussion in 
connection with intermetallic compounds. These sub- 
stances are as a rule hard and brittle, and are too com- 
monly considered to be weak. Their true strength when 
properly protected against eccentric loading by their 
small size and by imbedding in a ductile matrix is 
undoubtedly high. We may safely assume that 
cementite, for example, has a strength of several hun- 
dred thousand pounds per square inch. 

It has long been recognized that the presence of a 
hard and strong constituent in an alloy may strengthen 
it by opposing the “flow,” or slip, of the weaker con- 
stituent. Just as slip is opposed at the grain boundaries 
of a pure metal by the change in orientation, it may be 
opposed to a still greater extent if the material at the 
grain boundary possesses in addition to its different 
orientation a specifically greater hardness. The most 
familiar example of this is the reinforcing effect of the 
pearlite constituent in hypoeutectoid steels... While 
pearlite is not a sing!e constituent, it may well be 
imagined to have an effect like that exerted by hypo- 
thetical similar grains of a strong solid solution. The 
structurally free ferrite is the continuous phase, in 
which the pearlite is scattered as disconnected islands. 
If the free ferrite were a structureless amorphous sub- 
stance, the pearlite could produce only a mild strength- 
ening effect, by a sort of frictional resistance to flow, 
but the ferrite is crystalline and yields only by slipping 
on its crystallographic planes of weakness, and such slip 
is opposed by the rigidity of the pearlite. 

This mechanism of hardening, which has been de- 
the “obstruction principle,” refers particu- 
larly to reinforcement of a continuous ductile matrix by 
grains of a stronger constituent which are similar in 
size to the grains of the matrix. The grains of the 
matrix are strengthened by external support. It has 
recently become evident that metals can be hardened to 
a still greater degree by a hard substance dispersed as 
fine particles within the grains. 


very 
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AGING OF DURALUMIN 


A very important incident in the development of the 
theory of hardening by hard substances highly dis- 
persed is the study of the light aluminum alloys of the 
“duralumin” type, by Merica, Waltenberg and Scott.’ 
The following is typical of the composition of these 
alloys: 1.0 per cent; magnesium, 0.5; manga- 
aluminum (commercially pure), remainder. 

These alloys in the rolled or forged condition can be 
very materially hardened by a heat-treatment consisting 
of quenching from about 500 deg. C., followed by aging 
for several days at ordinary temperatures. The hard- 


Copper, 
nese, 0.5; 


ness and strength immediate‘y after quenching are 
‘See discussion of the “obstruction theory” in “Metallography of 
Steel and Cast Iron,’ H. M. Howe 
**Heat-Treatment of Duralumin,” P. D. Merica, R. G. Watten- 
berg and H. Scott, Bulletin A.I1.M.E., June 1919, p. 913. CHEM 
& Mer. Enc vol. 21, p. 551 et seq 
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about the same as in the “annealed” condition, but on 
aging increase spontaneously about 40 per cent. 
Merica, Waltenberg and Scott base their explanation 
of this hardening on the variation of the solubility of 
the compound CuAl, in aluminum with temperature. 
In Fig. 3 is reproduced a portion of the equilibrium 
diagram of the aluminum-copper system, showing the 
solubility curve of CuAl, in aluminum. It will be noted 
that the solubility of the compound decreases from about 
4 per cent (copper) at 500 deg. C. to probably less than 
1 per cent at room temperature. A piece of duralumin 
examined microscopically immediately after quenching 
shows a “solid solution” structure—that is, a structure 
free from visible particles of CuAl,. After the alloy has 
aged so that the hardness and strength have greatly 
increased, the structure is apparently unchanged. There 
is reason to believe, however, that there has occurred 
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during aging a precipitation of CuAl, in the form of 
particles of submicroscopic size, to correspond to the 
diminished solubility of the compound at the lower tem- 
peratures. Quoting from the paper referred to:° 


“Upon heating a specimen of duralumin that has been 
quenched from 500 deg. C., but not aged, an evolution of 
heat occurs at from 250 to 275 deg. C. . . . 

“No thermal change takes place upon cooling the same 
specimen, provided it has not been heated beyond 520 deg. C. 
Upon reheating the same siowly cooled specimen, no evolu- 
tion of heat is found corresponding to that upon the first 
heating. Without doubt, therefore, a chemical reaction 
takes place at 250 to 275 deg. C. upon heating the quenched 
sample with evolution of heat—i.e., indicating the forma- 
tion of stable from unstable phases, not a transformation 
of stable to other stable phases, the two systems being in 
equilibrium during the transformation. Such a transfor- 
mation must take place with heat absorption upon raising 
the temperature. 

“A specimen that has been quenched and aged at from 
100 deg. to 150 deg. C. to secure maximum hardness shows 
little or no evolution of heat upon heating. Whatever ma} 
be the chemical reaction that is indicated on the first heat 
ing curve of a quenched specimen, it has taken place during 
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the aging of the specimen, during which the hardening also 
occurs; stable phases have formed and the subsequent heat- 
ing curve shows no arrest corresponding to that of the 
quenched specimen. 

“This chemical reaction can hardly be other than the pre- 
cipitation of CuAl, from its supersaturated solution in 
aluminum, although direct visual evidence bearing on this 
question is also lacking. . . . 

“Although it cannot be directly proved that the thermal 
arrest at about 250 deg. C. noticed upon heating a quenched 
unaged specimen of duralumin is due to the precipitation 
of CuAlL, no evidence directly contradicts this assumption, 
which is in entire accord with our knowledge of the equi- 
librium within the alloy, and this arrest cannot be assigned 
to any other phase change. 

“It has been shown by many previous investigations and 
confirmed by the authors that aluminum undergoes no 
transformation in the solid state between ordinary tem- 
peratures and its melting point. No other phase changes 
could occur in the main mass of duralumin, the grains of 
solid solution, therefore, except those of solution or pre- 
cipitation of FeAl, of the X compound, of CuAl., of 
Mg.Al,, or of Mg.Si, within the grains. Aluminum, which 
contains the same amounts of FeAl, and of the X compound 
as does duralumin, is not altered by heat-treatment as is 
duralumin, nor does it show a reverse heat effect upon 
heating as does the latter. This heat effect must, there- 
fore, be due to the precipitation either of CuAl, Mg.Al, or 
Mg.Si. But the alloys containing only magnesium in 
amounts up to 3 per cent also do not harden upon aging. 
There remains only the precipitation of CuAl, with which 
to explain this heat effect. 

“The theory outlined above of the mechanism of the 
hardening of duralumin during aging most readily explains 
the interesting fact discovered by Mr. Blough and con- 
firmed by the authors that the amount of hardening during 
aging increases as the temperature of quenching increases. 
At higher quenching temperatures more and more CvAl. 
is dissolved in solid solution. After quenching, the CuAl, 
is in excess of its solubility; the higher the quenching tem- 
perature the greater is the excess, and this is precipitated 
during aging. The hardening is in proportion to the amount 
of the highly dispersed CuAl, formed. 

“If this theory is accepted for the moment, it is inter- 
esting to consider the effect of degree of dispersion upon 
hardness in the case of a solid solution, in this case of 
CuAl, in aluminum. Duralumin immediately after quench- 
ing is generally softer than it is in the annealed condition. 
Thus alloy C-11, in the form of sheet, gave the following 
values of hardness: 


Annealed Quenched, Quenched, 
at 300° but not and aged 
Scleroscope hardness, aged 8 days 


magnifying hammer.. 17 16 35 


“This is probably due to the fact that a specimen, as 
ordinarily cooled after annealing, still contains some dis- 
solved CuAl. in excess of its solubility; the material 
hardens slightly during cooling. Specimens cooled ex- 
tremely slowly give a scleroscope hardness of from 7 to 10, 
much lower than that of the quenched, unaged ones. 

“Upon aging a quenched specimen at 200 deg. C., for 
example, the hardness first increases to a maximum and 
afterward decreases. During that aging there has been 
first a formation of fine nuclei of CuAl, followed by coal- 
escence of these particles into ones of larger size. There 
is, therefore, a certain average size of particle of CuAl. 
for which the hardness of the material is a maximum; 
atomic dispersion of the solute, CuAl., is not the dispersion 
that produces the maximum hardness, but some interme- 
diate one between it and that at which the particles become 
visible by ordinary means.” 

An important point in this theory of the hardening 
of duralumin is the conclusion that there is a certain 
average size of partic'e which produces maximum hard- 
any size either larger or smaller causing less 
hardness. This is opposed to the generally held idea 
that a given amount of a substance added to a metal 
produces the greatest possible hardening effect when it 
s in solution—that is, when it is in the highest possible 
state of dispersion. 


ness, 


The degree of dispersion conducive 
'O maximum hardness may conveniently be designated 

the term “critical dispersion.” Dispersions finer 
than this may be called “‘sub-critical,” and those coarser 
“super-critical.” 
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It is also important to note the magnitude of the 
hardening effect in duralumin. It is possible to in- 
crease the hardness of pure aluminum approximately 
tenfold by producing within grains of an aluminum- 
copper solid solution a critical dispersion of hard par- 
ticles. This hardening cannot be referred to any of the 
mystic causes sometimes assigned in the case of steel. 
The only conceivable explanation is that it is due to the 
presence of a vast number of very small, hard particles 
dispersed throughout the grains of aluminum (which 
probably retain a little copper in true solid solution. 

These conclusions regarding the hardening of dur- 
alumin naturally suggest seeking analogies in other 
alloy systems. Merica and his co-authors called atten- 
tion to the case of steel, pointing out a similarity to 
duralumin in that the decomposition of a solid solution 
into particles of sub-miscroscopic size (ferrite and 
cementite) is involved and also in that some steels (very 
high-carbon steels and high-speed steels) shown on tem- 
pering an increase in hardness, followed by the usual 
decrease. The theory advanced for the hardening of 
duralumin did not include any explanation of the 
mechanism by which the particles of CuAl, cause hard- 
ness. Some conception of this mechanism is necessary 
to any extension of the theory. 

The present authors have attempted to analyze the 
mechanism of this hardening effect, so that the neces- 
sary conditions could be defined for all cases. Such an- 
alysis involves the explanation, first, of how one constit 
uent dispersed within another produces such great hard- 
ness, and second, of why there is a critical dispersion or 
size of particle which produces maximum hardness. 


EASY SLIP IN MAGNETIZED PLATES 


In duralumin we are dealing with an aggregate com 
posed of a ductile, relatively weak matrix—aluminum 
greatly strengthened by the presence of small hard 
disconnected particles of CuAl,. The strength attained 
in the duralumin must be derived from the inherent 
cohesion of the continuous aluminum matrix. There is 
no conceivable way in which a few per cent by volume 
of a strong constituent in disconnected particles could 
impart a new element of cohesion of the 


magnitude 
actually obtained. 


Their action must consist in ren- 
dering more effective the cohesion latent in the alu- 
minum. The logical inference is that this is accom- 


plished by the elimination of extended p'anes of weak 
ness—that is, by slip interference. 

In Fig. 4 is represented a section through a crystal, 
the fine parallel lines representing a set of planes of 
easy slip. It may assist in obtaining a concrete con 
ception of the mechanical conditions to consider a stack 
of iron plates placed in a strong magnetic field at right 
angles to their surfaces. It would be very difficult to pull 
these plates apart by a straight tensile effort, but com 
paratively easy to separate them by sliding them over 


each other. This stack of plates presents a rather 
close analogy to the conditions obtaining in a ductile 
crystal, especially in that the forces which hold the 


atoms of a crystal together are probably electro-may 
netic in character. 


In separating the magnetized plates by a straight pul 
it is necessary to overcome the entire magnetic attraction 
once, whereas in sliding the plates the magnetic force j 
overcome only at the edges and then gradually by small i: 
crements. The principal resistance due to sliding is th: 
frictional resistance of the plates due to the pressure. In 
order completely to separate the portions of a crystal on 
opposite sides of a plane of slip by a direct tensile pull i 
would be necessary to break simultaneously all the 


al 


atomic 
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bonds on the plane. This would require a force equal to the 
absolute cohesion of the metal. The two portions can move 
with respect to each other on the slip plane without perma- 
nent rupture of any considerable proportion of the atomic 
bonds. Of course, extended slip separates the atoms from 
their old neighbors, but cohesion bonds are established with 
their new neighbors. The separation of the magnetized 
plates by a direct pull results in a “brittle” fracture with 
a minimum work of rupture. When the plates are separated 
by sliding, the work of rupture is increased by an amount 
equal to the frictional losses. Similarly when a crystal is 
fractured in a brittle manner the work of rupture is a 
minimum, whereas in a ductile fracture the work of rupture 

markedly increased due to the friction at planes of slip. 


SMALL HARD PARTICLES ACT AS KEYS 


Fig. 5 shows an ideal section through a crystal in 


which it is supposed that a hard, strong substance is 
dispersed in the form of substantialiy spherical par- 
ticles. These particles are supposed to be about equal 
in size, but of course the circles cut by the plane of the 
section should of different 
distance of this plane from the centers of the spheres. 
It will be noted that there is not a single plane of easy 
slip which does not encounter at least one of these hard 
particles. Under the action of an external load tending 
to produce slip along these planes, the hard particles 
must act as keys, mechanically obstructing any motion 
along the planes as a whole. The result increased 
elastic limit, hardness and strength. 

Now suppose all the hard particles to be gathered 
into a single large particle, as shown in Fig. 6. Al- 
though the size and strength of the “key” are greatly 
increased, there are many planes of weakness left with- 
out any reinforcement. The single large particle does 
not interfere with slip on these planes. It is easily 
seen that the strengthening effect of the hard particles 
increases with their number and not with their size. 
Even in case all possible planes of slip are keyed at 
some points, more effective slip interference must result 
from diminishing the size and increasing the number 
of the particles. We thus have the rule that the harden- 
ing effect of a given amount of hard dispersed substance 
is greater the smaller the particles. This rule must 
reach a limit as the particles approach atomic dimen- 
sions. We do not know how small a crystal may be and 
still possess the characteristic hardness and strength of 


be sizes according to the 


Is 


the substance. 


Let us consider the strength of true solid solutions 
atomic dispersions from the point of view of the slip inter- 
ference theory. Planes of weakness are present just as in 
the pure metal or solvent. At intervals the succession of 
atoms of solvent is interrupted by an atom of the solute. At 
each point where an atom of the solute occurs there is an 
increased bond, or, we might say, pressure, on the plane of 


or 
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potential slip, due to the greater force of attraction between 
the unlike atoms. This constitutes in effect a key, very 
much as to do the crystalline particles of CuAl, in aluminum. 
The planes are seemingly “spot welded” together by the 
atoms of the solute. 

The experimental evidence indicates that the forma- 
tion of crystalline nuclei of CuAl, in duralumin, from 
the solid solution of copper in aluminum, causes an 
increase in hardness and strength. If the key action 
of the atomically dispersed copper were equivalent to 
that of the crystalline particles of CuAl, we should 
not expect this to be the case, since the hardness should 
increase as the number of keys increases. It is quite 
natural to suppose that the attractive forces of the cop- 
per and aluminum atoms for each other are not brought 
fully into play until the atoms are arranged in their most 
stable arrangement—that of the compound. The key 
formed by the little group of aluminum atoms surround- 
ing the copper atoms in the solid solution is more easily 
sheared through than is a particle of crystalline CuAl.. 
The critical dispersion for maximum hardness should 
therefore consist of the smailest possible particles hav- 
ing the characteristic crystallinity of the compound. If 
we classify particles according to their diameters in 
terms of atoms, the following probably represents ap- 
proximately the sizes involved: 
solid solution 


critical dispersion 
smallest visible particles 


somewhat hard 
hardest 
somewhat soft 


1 atom diameter 
10 atom diameters 
1000 atom diameters 


NUMBER OF KEYS IN A DURALUMIN CRYSTAL 

Let us take for an example the hardness changes in a 
duralumin alloy containing 4.5 per cent Cu. This alloy 
would contain 2 atoms per cent of copper or 8.33 weight 
per cent of CuAl, assuming that all of the copper is present 
as that compound. This would be at most 5.4 per cent CuAl. 
by volume; actually it is less than that amount, inasmuch 
as some of the copper will always be in solution. When the 
worked alloy is heated to a temperature at which all of the 
copper is in solution and then quenched, the hardness will be 
about 80 Brinell. The copper is probably in atomic disper- 
sion. On aging, the hardness can be increased to about 
140 Brinell as the CuAl. precipitates and the particles 
reach critical size. By very slow cooling from high tempera- 
tures the hardness can then be reduced to about 50 Brinell. 
Such a hardness is produced only after the CuAl, particles 
have reached relatively large sizes. 

Tensile strength varies with the hardness. The plas- 
ticity is the greatest in the freshly quenched condition 
and the least when the CuAl, particles are present in critical 
size. The high plasticity accompanying atomic dispersion of 
copper would be expected, because the areas of potential slip 
planes will depend on grain size only. The interference 
to slip is greater than in pure aluminum; it resides in the 
nature of greater pressure between the two slip surfaces, 
but the planes are relatively smooth. 

An average sized grain of duralumin would have about 
2 000,000,000 atoms of copper on each potential slip plane. 
Although we do not know exactly the percentage of the 
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copper precipitating as CuAl, during aging, we can for con- 
venience consider it as 75 per cent of that present. Assum- 
ing now that the CuAl, particles have reached an average 
size of one ten-millionth inch diameter there will still be 
500,000,000 copper atoms on each of the above planes and in 
addition each plane will be keyed with the relatively hard 
CuAl. particles at 35,000,000 to 40,000,000 places. This 
condition corresponds nearly to critical dispersion. By 
the time the CuAl. particles have reached an average diam- 
eter of a hundred-thousandth of an inch, each of the above 
planes wiil be keyed in about 3,500 to 4,000 places; if the 
diameter were further increased one hundred times only 
about three planes cut of eight would be keyed at all! 

The presence of a given amount of hard substance 
in large particles produces excess slip interference 
locally, but leaves portions of the metal in a weak condi- 
tion. Cohesion of the mass as a whole is therefore 
gained by subdivision of the key material into many 
particies distributed as uniformly as possible. The 
weak links of the chain of slip planes are thus strength- 
ened at the expense of the strong ones. Plastic de- 
formation in such a material produces an_ intricate 
system of slip planes determined by the number and 
size of the particles. In many places the slip cannot 
follow the easy crystallographic planes, but is forced to 
take place in unfavorable directions. The quantity of 
dispersed substance may be so great that the resistance 
to slip becomes equal to or greater than the direct 
rupturing strength of the atomic bonds, and brittleness 
accompanied by relatively great hardness will result. 

Fig. 7 is a micrograph of a high-carbon steel in which 
the cementite has been coarsely spheroidized. One can 
readily see what an intricate system of slip planes or flow 
surfaces must be produced in this structure by plastic de- 
formation. Fig. 8 shows this structure at higher magnifica- 
tion (650 diameters) after plastic deformation. It will be 
noted that the slip avoids the cementite and that the sur- 
faces of slip are rough. The appearance is intricate as 
opposed to the systems of regular slip planes in nearly pure 
metals shown below in Figs. 9 and 10. As compared to 
critical size, the particles of cementite shown in Figs. 7 and 
8 are very coarse. Each of the larger particles of cementite 
shown in these micrographs would have to be subdivided 
into about 1,000,000,000 particles to reach critical disper- 
sion. The intricacy of the system of slip planes would cor- 
respondingly increase. 


ADHESION BETWEEN CONSTITUENTS 

While the CuAl, and Fe.C particles probably have 
rather strong adhesion for the aluminum and iron re- 
spectively, such adhesion need not obtain in order to 
produce hardening. Copper oxide often present in 
copper should have very little adhesion for the metal, 
but when it is present in the form of globules within 
the copper grains it produces a strengthening effect. 
Antisell’ states that 0.2 per cent (1.8 per cent CuO) 
oxygen increases the tensile strength of annealed cop- 
per over 10 per cent. Figs. 9 and 10 show a small quan- 
tity of Cu.O. The particle size is large as compared to 
critical dispersion. In fact there is no way known to 
produce a very fine dispersion of the CuO, and hence 
we cannot greatly harden copper by its presence in rela- 
tively small quantities. It will be noted that the slip 
planes in Fig. 10 have a tendency to extend completely 
across the grains. Yet slip planes in general avoid the 
Cu.0 particles or are faulted or stopped by them. 

This represents the first stages of slip interference. 

Thorium dioxide probably has litt!e adhesion for 
tungsten, but when 1.5 per cent by volume is present 
as particles within the grains the tensile strength is 
increased in the temperature regions within which the 
metal is ductile. The presence of the thoria also has 


*“Relationship of Physical and Chemical Properties of Copper,” 
Frank L. Antisell, A.I.M.E., Bull. 157. 
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Fig. 7 High-carbon steel. Cementite coarsely 
150. Fig. 8. Showing plastic deformation in high-carbon steel 
with spheroidized carbide. ~ 650. Fig. 9. Slip bands in copper 

30. Fig. 19. Slip bands in copper « 150 


spher oidized 


the effect of increasing the tensile strength more for a 
given amount of working below the annealing tempera- 
ture than in pure tungsten. The cases of Cu,O in copper 
and ThO, in tungsten are important, because they give 
positive evidence of the strengthening effect of these 
mixtures in which a weakening might be expected due 
to decrease of the effective cross-sections of the metals. 
In all of the cases mentioned above the hardness has 
been produced by dispersing hard particles within relatively 
large grains of metal. We should not expect soft particles 
to produce hardening, because the “keys” of soft substance 
would shear and thus assist rather than oppose slip. The 
term soft is used here in the relative sense only. 
SIMILARITY OF MANGANESE STEEL AND DURALUMIN 


The explanations of the hardening of duralumin and 
of hardening by grain refinement are so simple and 
logical that we should examine the phenomena of the 
hardening of steel from the same viewpoint. The fact 
that iron is capable of existing in at least two crystal- 
line forms makes it difficult to differentiate between 
cause and effect and to appraise the true significance of 
the “critical” changes. The case of duralumin might be 
equally difficult to understand if hardening by heat- 
treatment were accompanied by allotropic and visible 
structural changes. Hardening of duralumin does not 
involve an allotropic change, twinning, or even a refine- 
ment of grain. 

Its study teaches us that a soft crystal of aluminum can 
be hardened by dissolving copper in it; that the aluminum- 
copper solid solution can be further hardened by the precipi- 
tation of some of the copper into minute particles of CuAl.,; 
that maximum hardness is produced when the precipitated 
compound is present in particles of a small (critical) size, 
certainly much less in diameter than 1,000 atoms; that when 
the particles become larger than the critical size the 
hardness decreases as the particle size increases. The per- 
centage increase in the hardness of aluminum by proper 
alloying and heat-treatment is comparable to that obtained 
in iron by alloying with carbon and heat-treatment. 

If manganese steel containing from 1.0 to 1.5 per 
cent C and 13 per cent Mn is quenched from a high 
temperature, the structure existing at the high tem- 
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perature is preserved at room temperature. The result 
is an aggregate of grains of austenite, which is in this 
case gamma iron with the carbon and manganese dis- 
solved in it. The hardness is about 160 Brinell, a very 
substantial increase over pure alpha iron (75). The 
austenitic structure is stable unless the manganese 
steel is cold-worked or heated. The hardness increases 
on tempering and may reach about 500 Brinell after 
suitable heat-treatment. As the steel hardens it be- 
comes magnetic, but not in proportion to the increase 
in hardness—in fact most of the hardening occurs be- 
fore the steel has reached 2 per cent specific magnetism’ 
and before there is much visible change in the structure 
of the austenite. 

If a piece of this steel be heated to 1,100 deg. C. 
and cooled slowly, a network of carbide, presumably a 
mixture or solution of cementite and manganese car- 
bide, is formed. Austenite at temperatures around 400 
to 600 deg. C. is supersaturated with carbon, since the 
carbides precipitate around 500 deg. C. into particles 
large enough to be seen with a microscope. 

Since the dispersion of the carbon is atomic in the 
austenite, it offer maximum interference to 
slip. The austenitic manganese steel is therefore rela- 
tively soft and ductile: the carbon dispersion is sub- 
critical. The formation and precipitation of carbides 
into particles of visible size show that every size be- 
tween molecular and visible must have obtained at some 
previous stage. The critical dispersion must 
have been reached prior to the appearance of the visible 
Carbide of iron is magnetic and hence slight 
magnetism might appear on annealing, accompanied 
by a considerable increase in hardness, without produc- 
ing a any appreciable amount of 
austenite into alpha iron. This latter transformation 
proceeds slowly, however, and its effect is superimposed 
on that resulting from the carbide precipitation. 

Transformation into alpha iron produces an entire 
change in structure and a decided increase in magne- 
tism, but the hardness may increase or decrease. Ex- 
tended exposure to temperatures around 650 deg. C. 
eventually produces softening. 

It is thus seen that in the early stages of hardening 
manganese steel the changes are strikingly similar to 
those found in the hardening of duralumin. 


does not 


size or 


particles. 


transformation of 


GRAIN REFINEMENT IN QUENCHING STEEL 

There is an important factor accompanying the 
changes from austenite to granular pearlite which is 
duralumin—namely, change in grain size of 
When pure iron is quenched from above 
900 deg. C., the ferrite grain size is smaller than that 
produced by slow cooling. As the carbon content is 
inereased the ferrite grain size produced by quenching 
from above the upper critical progressively decreases. 
When the carbon content exceeds about 0.2 per cent 
the structure may all be martensite, in which the iron 
exists in the crystalline magnetic (alpha) state, but in 
most cases no definite grains of ferrite can be detected 


absent in 
the matrix. 


under the microscope. 


As pointed out reduction of grain size 


previously, : . 
hardening The quantitative 


tself important factor in 

5 grnificance of sub-microscopic grain si e has been no better 
understood or appreciated than that of reducing dispers¢ i 
narticle size to approach atomic dimensions. By extra- 
polation in Mathewson’s® formula it is found that the 
hardness of alpha brass could be increased to 300 Brinell 


, kad al ‘ aca y 
(nearly twice the hardness of cold-worked alpha brass), .if 
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a grain size of about 550.000 1" diameter could be pro- 
duced. Each grain would then comprise about 100,000,000 
atoms. There is no way known to produce such fine grain 


size in alpha brass and consequently we cannot develop 
such hardness. The results given above on tungsten, molyb- 
denum and nickel indicate, however, that this figure is 
probably not higher than the absolute cohesion of the 
alloy. According to the general proposition that the abso- 
lute cohesion of a pure metal is sufficient to account for the 
hardening produced in alloys of that metal, it should be 
possible to produce hardening by reduction of grain size 
alone to an extent comparable to that produced by the 
critical dispersion of hard particles in relatively large 
crystals. 

The change of properties of the nickel-iron alloys by 
heat-treatment is of especial importance in connection 
with the effect of change of grain size alone. An iron- 
nickel alloy containing 7.54 per cent Ni, 0.09 per cent C 
and 0.04 per cent Mn had its strength more than doubled 
by quenching from a dull red heat. Edwards con- 
c'udes from a general review of the work on iron-nickel 
alloys that the presence of carbon is not necessary in 
order for such hardening to take place on quenching. 
Nickel lowers the transformation temperature of iron 
to such an extent that the quenching of a 7.5 per cent 
nickel alloy preduces great grain refinement. The 
quenched product might be termed a carbonless marten- 
site. Thus we have in certain iron-nickel alloys without 
carbon marked hardening accompanied by a great re- 
duction in grain size. This is a simple case where the 
hardening is due to one factor—namely, reduction of 
grain size—whereas in duralumin and probably in the 
first stages of the hardening of manganese steel this 
factor does not enter, the hardening being attributable 
to a fine dispersion of hard particles within ductile 
crystals. These two factors may occur simultaneously 
in ordinary steels, making possible the many variations 
in their properties by heat-treatment. 

MARTENSITE IS ALPHA IRON 

In austenite we assume that the carbon is quite uni- 
formly distributed in atomic dispersion. When austen- 
ite is quenched to form martensite, the short time 
and low temperature of transformation favor the reten- 
tion of a large amount of the carbon in atomic disper- 
sion in the ferrite. The transformation of austenite at 
Ar, under equilibrium conditions involves a change of 
the gamma iron to alpha iron and the combination of 
the carbon with iron to form cementite (Fe.C). The 
latter would not form unless the iron changed its crys- 
tal structure. Therefore the allotropic transformation 
of the iron is the cause and the formation of cementite 
is the result. The change in iron involves no substantial 
migration of atoms, while the formation of cementite 
does. The logical order for the transformation to take 
place in eutectoid and hypo-eutectoid steel is first the 
iron transformation and then the cementite formation. 
When austenite is slowly cooled through A, the two 
changes occur so close one after another as to be called 
simultaneous. When the cooling rate is proper to form 
troostite, physico-chemical equilibrium but not struc- 
tural equilibrium results—that is, the ferrite and 
cementite both form but in such small particles that 
heating to temperatures slightly under A, (500 to 700 
deg. C.) causes marked structural change. 

When the cooling rate of the austenite is sufficiently 
martensite, the transformation of the 
gamma iron to alpha is substantially complete, whereas 
the formation of cementite is not complete. 
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Martensite should therefore consist principally of 
sub-microscopic ferrite grains containing carbon in 


solution. The carbon content of the mother austenite 
will strive to precipitate as particles of Fe,C, and the 
extent of this reaction will depend on the temperature- 
time conditions during quenching, aging and tempering. 

The following are the reasons for concluding that the 
formation of martensite from austenite represents a 
change from gamma to alpha iron: 

1. The complete change in microstructure of marten- 
site, as compared to that observed when austenite is 
preserved on quenching, indicates a transformation of 
gamma iron. 

2. The magnetism of martensite suggests the pres- 
ence of crystalline magnetic (alpha) iron. 

3. The X-ray spectrometer proves that alpha iron 
is the chief constituent of martensite. Steels which are 
non-magnetic show face-centered cubic lattices with the 
X-ray spectrometer, whereas martensite, which is mag- 
netic, shows a body-centered cubic lattice. A 1.5 per 
cent C steel quenched from above the critical in iced 
brine showed both martensite and austenite under the 
microscope, and the X-ray spectrometer pattern showed 
both face- and body-centered lattices. A 0.35 per cent C 
steel quenched from above Ac, showed only martensite 
under the microscope and only a body-centered lattice 
with the X-ray spectrometer.” 

There are other considerations which suggest that 
the transformation from austentite to martensite rep- 
resents a substantially complete change from gamma to 
alpha iron, but in view of the definiteness and finality 
of the results of the X-ray spectrometer, no other evi- 
dence need be considered. 





MARTENSITE CRYSTALS ARE SUBMICROSCOPIC 


Having established the fact that martensite consists 
chiefly of crystalline iron of the alpha modification, we 
conclude that the ferrite is present in grains ef sub- 
microscopic size for the following reasons: 

1. The conditions obtaining at the time of the forma- 
tion of martensite are conducive to the production of 
small grains. 

2. In low-carbon martensite formed from coarse 
yrained austenite, ferrite can often be seen under the 
microscope in the form of very small plates. 

3. In higher carbon steels which are conducive to the 
formation of finer grains on quenching, no ferrite can 
be resolved under the microscope. 

4. In order to obtain a good Hull pattern” with the 
X-ray spectrometer it is necessary that the specimen 
be fine grained. In a 0.35 per cent C martensite, formed 
by quenching from 1,300 deg. C., the alpha iron pat- 
tern was typical of that obtained from fine-grained 
metals, even though the austenite grains from which the 
martensite was formed were large enough to be seen 
vith the unaided eye. 

It is not to be understcod that the ferrite grains in mar- 

nsite are necessarily equiaxed. The conditions obtaining 

ring their formation are conducive to the production of 

‘ry small plates of ferrite running parallel to the cleavage 

anes of the austenite. Whether the grains are substan- 

illy equiaxed or in plates, the precipitation along the 
istenite cleavage planes gives rise to the acicular struc- 
ire of martensite. The tendency for this cleavage precipi 
tion is so marked that martensite formed by quenching 
rge grains of austenite appears under low magnifications 

» have a grain structure similar to that of the austenite. 

etailed examination, however, reveals the fact that the 
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austenite grain structure is entirely replaced by a structure 
so fine that it is often impossible to find a single crystalline 
particle large enough to see with a high-powered microscope. 
rhe apparent crystalline masses observed after light etching 
are seen to be, after deep etching, complexes of very fine 
structure. 

No CEMENTITE IN MARTENSITE 


The reasons for concluding that the austentite-mar- 
tensite transformation does not represent a complete 
formation of the cementite are: (1) The heat evolved 
when martensite changes to troostite. (2) The failure 
to detect the presence of cementite in untempered mar- 
tensite by magnetic analysis.” (3) The etching charac- 
teristics of martensite as compared to troostite suggest 
that the carbon is in solution in the former 
largely present as cementite in the latter. 

The authors believe that it is the carbon rather than 
the carbide in solution in the ferrite of the martensite 
for the same reason that they believe that it is the 
carbon and not the carbide which is in solution in 
austenite. Cementite can form in martensite only by 
the migration of carbon atoms. In order for these to 
migrate freely they cannot maintain contact with any 
particular iron atoms. In freshly formed martensite 
therefore most of the carbon should be atomically dis 
persed, but a small amount may actually be in the forn 
of particles of cementite. The presence of the carbon 
assists in the hardening indirectly by helping to pro 
duce a very fine ferrite grain and directly b 
strengthening the ferrite grains. 

Although the ferrite of the martensite is held to 
contain carbon in solution, it is considered that the 
fineness of grain is chiefly responsible for the hardness 


and is 


size 


Great hardening can be produced with 0.40 per cent C, 
which is 1.9 atoms per cent. No case is known with large 
grained metals where 1.9 atoms per cent of one element dis 
solved in a metal produces hardening at all comparable wit 
that of a 0.40 per cent C martensite. In austenitic man 
ganese steel there may be as much as 7 atoms per cent of 
carbon and 13 per cent manganese (by weight) dissolved in 
gamma iron without producing marked hardness. Th 
structure in this case is coarse grained. It may be argued 
that 0.40 per cent carbon produces 6 per cent of cementit 
and that it is this compound which is in solid solution 
in the ferrite. The same argument applies to manganese 
steel which would have over 20 per cent of cementite in 
solid solution. If, therefore, we assume solution of th 
carbon in the ferrite of the martensite it follows that th 
grain refinement must be the principal cause of the hard 
ness. Experimental evidence points conclusively to a supe 
refinement of the ferrite grains and favors the conclusio’ 
that the greater part of the carbon has not formed into 
carbide. 

The hardness of martensite may therefore 
tributed chiefly to a combination of two factors 
namely: (1) The super-refinement of the ferrite grains, 
and (2) the strengthening of the ferrite by carbon. 

Too little is known regarding the exact sequence of 
hardness changes on tempering quenched carbon steels 
The most marked effect is one of softening, and the 
opinion is fairly general that softening is progressive 
throughout the whole range of tempering temperatures 
It is certain that the tempering of hardened too! stee! 
at temperatures above 200 deg. C. its cutting 
hardness and probably also its Brinell hardness. The 
Shore scleroscope hardness of tool steel seems to be less 
affected by tempering at low temperatures. It like 
wise quite certain that steels of medium carbon content 
which have been hardened are softened by tempering 
at temperatures above 350 deg. C., as proved by thou 
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sands of tests on hardness and tensile strength. The 
hardness of low-carbon steels is known to be not greatly 
changed by tempering, and the changes brought about 
by tempering above 500 deg. C. are certainly in the 
direction of softening. Steels of the various carbon 
contents are seldom tempered commercially at tempera- 
which measureable 
softening. There is, therefore, a lack of results of 
commercial practice in the tempering of hardened steels 
at very low temperatures. 

It is stated by Heyn and again by Boynton that tem- 
pering, even in its early stages, gradually reduces the 
hardness of martensite. Heyn’s conclusions are drawn 
from scratch hardness high-carbon steel. 
Among the few published contributions on this subject 
in which it is reported that the 


tures below those produce easily 


tests on 


is a paper by C. Grard 
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His results are plotted in Fig. 11. 
as typical of the the 
analyses are given. 


steels of classes 


While Grard’s curves are opposed to general opinion, it 
is believed that they merit serious consideration as repre- 
senting perhaps an overlooked phenomenon in the tempering 
of steel. He appears to have made a particular point of 
the accuracy of his hardness determinations. These were 
also confirmed, in the case of the soft and semi-hard steels, 
by tensile strength results which parallel the hardness 
results closely; hard steels were too brittle for satisfactory 
tensile tests after low tempering temperatures. It is to 
be noted that the maximum hardness attained on tempering 
occurs at a lower temperature the higher the initial hard- 
Marked softening also begins at lower temperatures 
the higher the initial hardness. 


ness. 


According to the critical dispersion ideas the precipi- 
tation of cementite in martensite should produce an 
increase in Cementite meets all of the re- 
quirements of a good “key” material. 

At some stage in the formation and growth of cemen- 
tite particles, conditions would be proper to produce 
maximum hardness. It is not probable that all of the 
cementite particles have critical size at the same time. 
At any given time in the first stages of tempering, some 
particles should be super-critical, some critical and some 
It must be considered also that alpha iron 


hardness. 


sub-critical. 
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has some solvent power for carbon under equilibrium 
conditions; al of the carbon therefore cannot form into 
cementite. 

After the cementite formation has progressed nearly 
to completion the larger particles grow by absorbing 
carbon in solution in the ferrite. The ferrite will be 
supersaturated in carbon with respect to large particles 
and saturated with respect to small particles of cemen- 
tite. The precipitation of the carbide on the larger 
particles produces a condition of undersaturation with 
respect to the smaller particles which then are dissolved. 
The carbon atoms diffuse toward regions of low concen- 
tration, which is toward the larger partices. 

Growth of cementite crystals during tempering is 
favored by long time and high temperature. The suc- 
cessive stages of troostite, sorbife and granular pearlite 
represent in part progressive increase in size and de- 
crease in number of the cementite particles. 


CHANGES IN FERRITE ON TEMPERING 


As the carbon changes noted above are progressing 
there must be some change in the ferrite. In the case 
of a steel containing 1 per cent carbon the formation 
of cementite will require about 15 per cent of the iron. 
This iron must be supplied from the ferrite or from any 
amorphous iron which may be present. Such a change 
would tend toward a more perfect equilibrium in the 
ferrite which would tend toward softening. It seems 
certain that the growth of the ferrite into larger par- 
ticles at temperatures from 350 to 550 deg. C. is an 
important factor in the decrease of hardness. The 
effect of changes in the ferrite caused by low-tempera- 
ture tempering (below 300 deg.) is small, but even this 
becomes appreciable in the harder martensites. 

Martensite cannot be hard without being fine grained 
and in general the greater hardness will be produced by 
the greatest grain refinement. The finer the grains the 
lower should be the temperature at which structural 
changes begin on tempering, and hence this factor 
should cause martensite to soften considerably by pro- 
longed heating at temperatures well below 300 deg. C. 

The first stages of the tempering of martensite there- 
fore involve two opposing factors; the changes in the 
ferrite tend to produce softening while the first pre- 
cipitation of the cementite tends to harden. We might 
expect an increase or dxcrease in hardness according to 
the rapidity and extent of these opposing changes. 

If low-temperature tempering does not produce a chang 
in hardness, it should not be prematurely concluded that no 
internal changes had taken place. It is quite conceivabl 
that in Prof. Campbell’s’’ steels heated twelve hours 
at 100 to 108 deg. C. the hardness changes were insignificant, 
yet the electrical resistivity had decreased 25 per cent 
Such a change is consistent with the breaking down of a 


solid solution into two constituents. The extensive worx 
of Barus and Strouhal” also shows that even heatine 
for an hour at 66 deg. C. produces internal changes in 


hardened steel. A structural change and change in electrica! 
resistivity might obtain and the hardness might increase, 
remain constant or decrease in accordance with the relativ: 
magnitude of these opposing factors. 

Any austenite which may be present in a quenched stee! 
will further complicate the results produced on tempering 
The transformation of austenite on heating is always 
accompanied with hardening. As a rule the lower the tem 
perature at which the transformation will take place the 
harder will be the transition product. Mauer” found, for 
example, that austenite containing 1.94 per cent C and 2.24 
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Mn transformed at 400 deg. C., while a steel containing 
1.66 per cent C and having a structure of two-thirds austenite 
and one-third martensite showed the transformation at 250 
deg. C. The latter had very much higher maximum hard- 
ness. This accords with the observation that austenitic 
manganese steel transforms only at a relatively high tem- 
perature and never attains extreme hardness. 
NATURE OF TROOSTITE AND SORBITE 


The constituents troostite, sorbite and granular pear- 
ite represent different degrees of subdivision of the 
ferrite grains and the cementite particles. As the 
tempering temperature is increased up to A, and as the 
time of exposure at temperature increases the ferrite 
grains and the cementite particles become larger. These 
two factors now combine to soften and weaken the steel. 
The slip interference theory discussed above explains 
nicely the decrease in hardness as the constituents be- 
come coarser. The hardness of a tempered martensite 
wil be affected indirectly by the quantity of carbon, 
because cementite opposes ferrite grain growth, and 
directly by the slip interference caused by the cementite. 
It is because the presence of carbon has this double 
(direct and indirect) hardening effect that the physical 
properties of heat-treated steel vary much with 
change in carbon content and with change in heat-treat- 
ment. For example, pure iron has a hardness of about 
75 Brinell, whereas troostite containing about 0.9 per 
cent C may have a hardness of 500. The hardness of 
the troostite is due partly to the mere presence of 
cementite and partly to the ferrite grain refinement 
caused by the cementite. 

Obviously the alloy steels are more complex than the 
carbon steels. In general the hardening alloy ingre- 
dients help to produce martensite at siower rates of 
cooling than would be possible in carbon steels. They 
also strengthen the ferrite by their presence in solid 
solution and may change the nature and degree of 
dispersion of the hard particles that are produced on 
tempering. 


so 


RESTATEMENT OF THEORY 


Although there is substantial agreement among 
metallographists regarding the nature of troostite, sor- 
bite and granular pearlite, there has been a constant 
controversy for the last thirty-five years regarding 
the nature of martensite. Many theories have been 
put forward and volumes have been written on this 
subject. 

No attempt will be made here to discuss these vari- 
ous theories. It may be mentioned that the authors 
made their analysis of this problem without considera- 
tion of any of the current theories. While the conclu- 
sions reached regarding the nature of martensite do not 
correspond completely to any current conception, they 
correspond in the main to a combination and extension 
of the ideas of Grenet” and M’Cance.” 

Owing to the X-ray spectrometer results the conclu- 
sions regarding the allotropic changes can now be con- 
sidered as established. It is obvious that the “beta 
iron” theory has little foundation. Even if beta iron is 
a true allotrope there is no evidence that it is hard or 
that it is present in martensite. The theory advanced 
by Edwards and Carpenter” that martensite represents 
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twinning in gamma iron is also untenable, for the reason 
that martensite consists chiefly of alpha iron. The 
“solid solution” and “carbon” theories are unsatisfac- 
tory, because they are indefinite and incomplete. 

The ideas regarding the nature of martensite pre- 
sented in this article not only accord with observations 
of fact and fulfill the requirements of logic and simplic- 
ity, but a concrete mechanism is put forward showing 
how the structures postulated are able to account for 
the hardness of quenched and the 
properties on tempering. 


steel changes in 


SUM MARY 


A complete theory of hardening must explain hard- 
ness in non-allotropic metals, a task which has been 
attempted in the preceding pages, and is summarized 
below: 


1. The inherent cohesion of the pure metals is 
excess of values obtained for tensile strength. 

2. Mechanical failure under stress is ordinarily prema 
ture because of the presence of crystallographic planes of 
weakness, or potential slip planes. 

3. Any structural condition which interferes with slip 
on these planes of weakness increases the strength and 
nardness of the metal. Furthermore, every known method 
of hardening metals can be referred to this principle of 
“slip interference.” 

4. In a pure metal the most simple source of increased 
hardness is grain refinement, which introduces slip inter- 
ference at the grain boundaries due to the different orienta- 
tions of the adjacent grains,‘and, especially in fine grained 
metals, to the disorganized or amorphous metal between the 
grains. 

5. Cold-working introduces slip interference by the frag- 
mentation of the grains and the production of amorphous 
metal. 

6. The hardness and strength of amorphous metal itself 
is due to the absence of the planes of weakness character- 
istic of crystals. 

7. Slip within grains is opposed by the presence of a 
strong constituent at the grain boundary, providing that if 
the strong constituent is brittle, its shape and size are 
not such as to lead to effective weakness due to eccentricity 
of loading. 

8. Effective hardening is obtained by slip interference 
within the grains, due to the presence of hard constituents 
uniformly distributed in the form of very fine particles. 

9. It is not necessary that the hard constituent possess 
great adhesion for the matrix. 

10. The effect of a given amount of hard constituent 
increases with the fineness of subdivision, reaching a maxi- 
mum at an average particle size denoted by the term 
“critical dispersion.” The critical dispersion probably con 
sists of the smallest particles having the characteristic 
properties of the crystalline substance. The order of mag 
nitude of the diameter of such particles is probably about 
10-‘ em. A higher degree of dispersion, particularly the 
atomic dispersion of solid solutions, is less conducive to 
hardness. 

11. Corresponding to the maximum hardness at critical 
dispersion, there is a minimum in ductility. 

12. Increase in the amount of dispersed substance pro- 
duces increased hardness, but the brittleness also increases, 
so that there is a limit to the useful hardness and strength 
that can be obtained. 

13. The amount of hard dispersed substance which pro 
duces the greatest useful strength increases as the size of 
particle increases. 

14. The actual amounts of hard dispersed substance 
which produce useful results are from about 2 to 15 per cent 
by volume. 

15. The only manner in which the high degrees of dis- 
persion desired are produced consists in the limited decom- 
position of solutions, and in particular of solid solutions. 

16. Martensite consists of a solid solution of carbon in 
very fine-grained alpha iron. The hardness is due chiefly 
to the grain refinement of the ferrite, but partly to the car- 
bon in solution. 

17. The tempering of martensite involves two changes: 
ferrite grain growth and the precipitation and growth of 
cementite particles. Ferrite grain growth causes progres- 
sive softening. The precipitation of cementite causes hard- 
ening, but the growth of the particles above the critical size 
produces softening. 
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A Simplified Carbon Combustion Train 


By W. W. BooNe* 
f jem estimation of carbon in steel has probably 
attracted more attention than that of any other 
element, due to its far-reaching influence upon the 


properties of the steel. At present the three most 
yeneral methods used are: (1) Color comparison; (2) 
direct combustion; (3) -wet combustion. For all 
ordinary steels the direct combustion of the steel in 
a current of oxygen is the most rapid and accurate 
method known. The color comparison method is very 
inaccurate in many cases, and the wet method entails 
the use of bulbs and apparatus too fragile and delicate 
for technical purposes. 

In designing a simplified combustion train the writer 
endeavored to eliminate all non-essentials for 
ordinary steel analysis, and at the same time make the 
train as nearly foolproof as possible. The apparatus 
is shown in the accompanying figure. 

In most trains the flow of oxvgen is regulated by 
neans of a reducing valve and mercury pressure gages. 
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\RBON COMBUSTION TRAIN 


\l1 li'l rf 
[his scheme, however, requires frequent juggling of 
the reducing valve during the same determination, 


especially during the period of combustion, and hence 
the pressure and flow vary considerably. 

By the insertion of a water-pressure tank a prac- 
tically uniform pressure is maintained throughout the 
combustion. This tank is of galvanized iron 12 in. in 
diameter and 36 in. in height, with an open top. 
Another shell 30 in. in height telescopes into the first 
tank and is fastened securely in position by means of a 
rod imbedded in the larger tank. When water is poured 
nto this tank so that it is approximately half full an 
airtight seal is produced. The idea for this tank orig- 
inated from an ordinary acetylene generator. 

Oxygen is admitted through the inlet X, thus causing 
the water to rise around the inner shell. When X is 
closed and O is opened, the oxygen in the tank flows out 
under the presssure of the column of water. One fill- 
ing of the tank provides enough gas for four or five six- 
minute combustions. From the water tank the oxygen 
passes through two bottles, one acting as a safeguard 
against possible sucking back in the system, and the 
other solution of potassium 
hydroxide, the bubbling 
through it. is subjected to final drying in 
. tower containing 20-mesh calcium chloride (A and B), 
1-mesh sodium calcium hydrate (C) and concentrated 


containing a saturated 
which filters 
The oxyger 


and dries 


gas 


ilphurie acid (/) After leaving the combustion tube 
silicon) the gas passes through tubes containing: 

granulated zinc (G), 20-mesh calcium chloride (F), 
*\ tant Profeas of Metallurey, Unive ty tf Cin 
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phosphoric anhydride (H) and 20-mesh calcium chlor- 
ide (F). The zinc takes care of any sulphur gases which 
might have been formed in the evolution, the calcium 
chloride and phosphoric anhydride acting as drying 
agents before the gas enters the absorption bulb. 
Usually three special tubes are placed between the 
absorption bulb and the combustion tube; one for the 
calcium chloride, one for the zinc, and one for the phos- 
phoric anhydride. This entails more costly and elab- 
orate apparatus and requires more time for packing. 
The one simple tube containing all the necessary purify- 
ing agents in the minimum of space works excellently 
under heavy working conditions. Flemming or similar 
absorption bulbs packed in the usual way may be used 
as absorption media. 
MANIPULATION OF THE METHOD 

A factor or a half factor weight (usually half factor 
is sufficient) of fine steel drillings is placed in a 
Johnson clay boat lined with RR alundum. These factor 
weights for carbon may be purchased, respectively, 
2.7273 g. and 1.3636 g. and were used in order to elim- 
inate reference to tables or calculation for the carbon 
percentage present. Gas is allowed to flow through the 
hot furnace for some time, to insure the removal of all 
CO. before the combustion is begun. A weighed absorp- 
tion bulb is now fitted into place and the upper stop- 
cock opened. The boat containing the sample is pushed 
into the middle of the combustion tube, the entrance 
stopper replaced and oxygen admitted. The lower stop- 
cock of the bulb is now opened and the combustion is 
run for six minutes. At the end of this period the upper 
stopcock of the bulb is closed, then the lower stopcock, 
and the bulb is disconnected for weighing. The lower 
stopcock is momentarily opened to release the pressure 
in the bulb before weighing, the oxygen is now shut off 
and the boat containing the burned sample removed 
from the furnace. Any moisture or dust adhering to 
the bulb is carefully removed with a silk handerchief 
and the bulb is weighed against-a tared bulb. The gain 
in weight is the perceutage of carbon, since a factor 
weight was used. It is merely necessary to place the 
decimal point two places to the left in the case of a 
four-place weight. 

With two furnaces in use, one balance for weighing 
samples and one for weighing the absorption bulbs, the 
writer frequently carried out seventy to seventy-five 
determinations in eight hours. 

With low-carbon steels it is sometimes necesary to 
preheat the sample in order to obtain a perfect fusion. 
Two minutes’ preheating is usually enough, and in such 
case the entire combustion should still occupy but the 
six minutes with a full factor weight and the five 
minutes with a half factor weight. This method gives 
accuracy to 0.01 per cent. 





Artificial Iron Ore for Hydrogen Generation 

An artificial iron ore has been developed by the 
Bureau of Standards for use in the steam-iron process 
of hydrogen generation. This material is made by 
impregnating a porous earthenware supporting body of 
approximate shape with iron nitrate and decomposing 
it to the oxide. Laboratory experiments on a limited 
scale indicate that this material is far superior to a 
natural iron ore for the purpose of producing hydroge: 
The bureau is about to undertake the production of : 
sufficient amount of this material to permit of exten- 
sive tests in the hydrogen plant at Langley Field. 
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Injuries Caused by Emergencies 
By CHESLA C. SHERLOCK 


Me employers are familiar enough with the work- 
men’s compensation laws to know that they are 
liable for the payment of compensation to injured work- 
men who receive their injuries through accidents aris- 
ing “out of and in the course of” the employment. 

Those employers who are operating under the com- 
mon law theory of damages, and there are thousands of 
them, even in the states having compensation laws, know 
that they are not liable for accidental injuries caused 
to their workmen, unless the fault for the accident 
rests in the negligence of the employer in some par- 
ticular. In spite of these provisions, there is one 
exception to the two rules mentioned above, which apply 
in all cases of accidental injury, whether the employer 
be operating under the compensation system or under 
the common law theory, and that is where emergencies 
arise which cause the injury to the workman. 


A CONCRETE ILLUSTRATION 


Suppose, for the purposes of clearly illustrating this 
rule of law, that we take a concrete illustration embody- 
ing the essential features of the rule, which is common 
to the experience of employers generally. Let us sup- 
pose that the case arises in the factory of a chemical 
company, and that it arises through the agency of an 
explosion of chemicals. 

A workman, John Doe by name, has been asked by his 
foreman to repair a leak in the gas tank of one of the 
company’s automobiles. John removes the tank from 
the car, and carefully empties it of all the gasolene 
which it contains. He then takes the tank to a bench 
in one corner of the packing room and commences to 
heat a bit of solder with a blow torch. 

In the office is one of his pals, a buddy he had known 
overseas, whose avowed duty it is, under the terms of 
his contract of employment, to take care of the office 
force. This man, Fred Jones by name, is not engaged in 
a hazardous occupation and is not covered under the 
terms of the workmen’s compensation acts as they are 
generally understood. The employer does not even pay 
a premium on his risk. 

As soon as John Doe, out in the packing room, applies 
his torch to the solder and moves it in close proximity 
to the hole in the gas tank, there is a terrific explosion, 
which not only kills John Doe, but scatters flames in 
every direction and severely burns another employee. 

Fred Jones, who is working in the office, hears the 
explosion and sees his pal topple over. In his excite- 
ment he rushes through the office door in an effort to 
rescue him. But he is met by a scorching sheet of 
flame which drives him back. In his terror he realizes 
that the fire department must be summoned imme- 
diately or the entire plant will shortly be destroyed by 
the possible explosion of other chemicals stored in the 
packing room awaiting shipment. 


RUN DOWN RUSHING TO FIRE ALARM Box 


He turns and dashes into the office and out the front 
door. He does not summon the fire department by stop- 
ping in the office and calling Central as he might do, 
and probably should do. Instead, he remembers in that 
brief moment of terror that there is a fire-box alarm 
on the corner across the street, and he makes for that 
place. 

Impelled by the sudden emergency which looms all- 
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terrible in his mind, he does not look this way or that 
and before he reaches his destination he is struck by) 
a delivery truck and seriously maimed and injured. 

The cooler heads in the packing room, in the mean 
time, through the use of fire extinguishers close at 
hand, have put out the blaze and forestalled the threat 
ened conflagration. John Doe’s body is removed to an 
undertaking establishment and Fred Jones and the other 
employees are taken to the company hospital. 

In the course of time, the employer sends in a claim 
for compensation not only for the workman who was 
injured through burns, but for Fred Jones as well. 
“I realize,” he said, in making the claim to his insur- 
ance carrier, “that I have not paid a premium on the 
risk for Fred Jones, but I feel that he has a right to 
compensation under the law, and since by the terms of 
your policy you agree to hold me blameless for any and 
all claims of such nature and should have anticipated 
such a case, I have no hesitancy in claiming relief for 
Jones.” 

INSURANCE COMPANY DENIES LIABILITY 


A few days later an adjuster for the insurance com- 
pany stepped off the train and made his way quietly to 
the chemical factory. He talked to a few workmen on 
the premises before he went to the office of the em- 
ployer. 

“IT am authorized to make settlement in the 
caused by your recent explosion,” he said, “but I am not 
prepared to accept liability in the case of Fred Jones. 
I have carefully investigated the circumstances sur- 
rounding his injury and I do not feel that he has a 
compensable claim.” 

“But,” interrupted the employer, “how do you reach 
such a conclusion? His injury was clearly caused by 
the explosion. If he had not rushed across the street 
to turn in a fire alarm, he would never have been 
injured.” 

“That is true,” replied the adjuster, “but 
went across the street he was outside the scope of his 
employment. His injury arose absolutely from causes 
entire'y foreign to the duties of his employment, which 
were to manage this office force. And, besides, clerks 
and office people are not entitled to coverage under the 
terms of the workmen’s compensation acts.” 

“Yes,” agreed the employer, “but one of his duties 
was to do all that he could to preserve this business 
against loss. He was clearly acting for my welfare 
when he attempted to turn in a fire alarm and was 
clearly acting for my best interests. Technically, of 
course, he was not managing my office force then, but 
do you mean to say that the law is as narrow as all this? 
I thought that the compensation system prided itself 
on being free from technicalities.” 

The adjuster was firm in his position. “1 
nothing but refuse to pay compensation to Jones, until 
the Industrial Commission orders me to do so. Of 
course, if Jones wants to go to bat on this, he has the 
right and we will get the benefit of an official ruling on 
the case.” 

The employer’s jaw snapped. “All right, I shall ad- 
vise Jones to do that very thing, as soon as he is able, 
and I am going to give him all the legal assistance I 
have at my command!” 


cases 


when he 


can do 


JUDGMENT AGAINST INSURANCE COMPANY 


In the course of time Fred Jones did bring an action 
against the insurance company for compensation and 
it was tried before an arbitration committee composed 
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of one Industrial Commissioner and two other arbi- 
trators selected by the parties. The Commissioner 
wrote the following opinion, which was the unanimous 
decision of the committee: 

“It is true that Fred Jones was technically outside 
the scope of his employment when he rushed across the 
street to send in a fire alarm. He was not even on the 
employer's premises and the accident that caused his 
injury did not arise out of the duties he was required 
by his employment to perform. But in this case a 
sudden emergency was presented upon which he acted, 
presumably with the idea of best promoting his em- 
plover’s interests. And while in the course of that 
intention he suffered his loss and the impairment of his 
earning capacity. 

“The emergency rule of law holds that an employee 
may be even guilty of an error of judgment, and still 
be entitled to relief from his employer for injuries 
sustained. Jones, it might properly be urged, should 
have used the telephone in his office to summon the aid 
of the fire department. He was, perhaps guilty of an 
error of judgment in dashing into the street, and there- 
by receiving injury to himself, but the law throws the 
mantle of protection over him in such circumstances, 
and this is true, whether we view the matter from the 
common law standpoint or from the compensation angle. 

“As to the question of whether Jones should be de- 
nied compensation because he was technically not cov- 
ered under the employer’s policy of insurance, it is well 
settled that mere failure to include all risks in a policy 
does not absolve the parties from liability. Such a 
construction might properly be urged to defeat the 
whole system of compensation liability, and we feel that 
the best interests of the parties are promoted by award- 
ing the claimant the relief he seeks.” 

It is not necessary to elaborate further, except to 
state that the emergency rule of law is a general rule 
and that it will apply to all employers, regardless of 
whether they are operating under one system or the 
other. It is one of the very few rules of law approved 
by the common law system which has been preserved in 
the compensation system of compensating injured work- 
men. 





Wooden Posts for Plant Inclosures* 


With the increasing necessity for proper protection of 
chemical and industrial plants by inclosing the property 
with wire or board fences the question frequently arises 
as to the right type of wooden posts in fence construc- 
tion. The fact is, there is no choice between round or 
split posts if the amount of heartwood is the same in 
both. But if the percentage of sapwood is increased by 
splitting, the split posts will be less durable, and if the 
percentage of heartwood is increased, it will be more 
durable than a round one. Posts of spruce, hemlock or 
any of the true firs are exceptions to this rule, because 
their heartwood and sapwood are equally durable. 

When posts are to be treated with creosote or other 
preservative, a round post is preferable to a split post, 
because of the comparative ease with which the sapwood 
can be treated. The heart faces on split posts do not, as 
a rule, absorb preservative well. Split red-oak posts 
will take treatment, because the wood is very porous, 
but the heart faces of split posts of many other species, 
notably white oak, red gum and Douglas fir, resist the 
penetration of preservative, even under heavy pressure. 


®korest Product Laboratory Technical Notes 
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Progress of Belgian Chemical Industry 

The Belgian chemical industry is composed of a 
Federation des Industries Chimiques de Belgique, which 
is subdivided into a series of fifteen associations, says 
a recent consular report. The information for certain 
associations is missing or incomplete, but the following 
figures relate to the production of those for which fig- 
ures could be obtained by the Ministry of Economic 
Affairs: 


Products Metric Tons 
Soda, potash and derivatives 1913 1920 
Carbonate of sod: P 31,23 31,000 
Caustic soda 3.261 2,418 
“hloride of lime 7,444 3,979 
Chioride of calciun 6,025 2 850 
Potash and derivatives ; 17,964 {9,229 
\cids, minerals and derivatives 
Sulphurie acid 600,000 100,000 
Nitric acid E 10,800 7.500 
Hydrochleric acid 22,500 27,000 
Sulphate of soda 25,000 10,000 
Superphosphate of lime ; $65,000 220,000 
Wood products for distillation, cubic meters 46,000 21,000 
Products of coal distillation 
Alkali. : , 1,500 S94 
Anhydrous ammonia , P i §2 
Sulphate of ammonia ‘ a 22,696 9.048 
Benzene, 90 per cent rr ait 5,216 1.194 
Coal tar ; , : ; ‘ 37,337 25.872 
Naphthalene ‘ 5,593 1,702 
Creosote oil. . ‘ ‘ ‘ , : 8.705 5,543 
TE ega pa ae ; ‘ $7,106 28,304 
Light oils . : ae 6,277 1,785 
Powders and explosives 3,500 2,200 


The present production of artificial silk is about 70 
per cent of what it was before the war. 





Gas-Fired Crucible Furnaces 

Before the Sheffield Society of Metallurgists and 
Metallurgical Chemists, on April 19, F. M. Parkin, of 
Hobson, Houghton & Co., advocated the use of gas-fired 
furnaces for melting crucible steel as being superior in 
all respects to the coke-fired furnaces which have been 
employed ever since the crucible process was invented by 
Huntsman. There are a number of gas-fired crucible 
furnaces in Sheffield, but the newer method is in its 
infancy. Mr. Parkin said that gas-melting was cheaper 
than coke fuel, the operation was less arduous for the 
workmen, and the product—at any rate as regards com- 
position—was superior to the material made with coke. 
Speaking from an experience of a considerable number 
of years with the Harvey-Siemens regenerative furnace, 
he stated that he had produced hundreds of tons of steel 
every year, which was sold in competition with coke- 
made steel, and the results had been highly satisfactory. 
The steel was better than the steel which was made by 
the older fuel. 





New German Refractory Product 


A new method of converting ordinary bricks into 
refractory firebrick has been perfected in Germany, con- 
sisting of a coating comprising a mixture of 75 per cent 
carborundum and 25 per cent sodium silicate. The 
mixture is applied to the bricks when they are thor- 
oughly dried, and the coating sets and thoroughly dries 
in twenty-four hours, being slowly heated and burned in. 
This coating averages about one-fiftieth of an inch in 
thickness, and the adherent glassy veneer of carborun- 
dum gives remarkable resistance to any mechanical 
injury; it has the ability to withstand very high tem- 
peratures and affords complete protection against the 
chemical action of flames. It is said that sudden changes 
of temperature do not have any effect upon it. This 
coating has been used successfully as a lining for gas 
retorts as well as for the outside surface, and a paste of 
equal parts of carborundum and clay is used for repairs 
when cracks occur. 
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Suggestions for Calibrating Base Metal Thermo- 
couples by the Freezing Point Method 
By KIRTLAND MARSH* 

When calibrating thermocouples by the freezing point 
method, it is essential that the metals used be pure and 
maintained pure. Pure tin, zinc, aluminum and copper 
can be readily obtained from the Bureau of Standards 
for this purpose, but care must be exercised in using 
them to guard against contamination. This is realized 
by inclosing the thermocouple to be calibrated in a 
sheath to protect it from the molten metal. The sheath 
also prevents short-circuiting the couple at the surface 
of the metal. Hard glass tubes can be used for tin and 
zine, but in aluminum these are unsatisfactory, and they 
cannot be used in copper. An iron tube can be used in 
any of these metals satisfactorily if steps are taken to 
prevent the contamination of the metal by the iron. This 
can be prevented in the following manner: 

Prepare a mixture of one part by volume of graphite 
and two parts water; flake graphite will not mix readily 
with the water, but finely powdered graphite or ordinary 
plumbago, such as is used in foundries for facing, is 
satisfactory. Heat the sheath to about 900 deg. F., 
dip in the above mixture and withdraw quickly in order 
that there will be enough heat left in the sheath to dry 
the coating of graphite. The mixture should be thor- 
oughly stirred before being used, because the graphite 
or plumbago will settle to the bottom of the container. 
A suitable container can be made of a piece of 4-in. 
iron pipe capped on one end and long enough to extend 
about 12 in. above the surface of the mixture to prevent 
spattering. 

The sheath, after having been dipped and a smooth 
dry coating of graphite obtained, can be immersed in 
the molten metal without fear of contaminating it. After 
the sheath has been removed, any clinging metal and 
dross can be readily removed and the same sheath safely 
used in some other metal. 

The only precaution necessary is to remove any loose 
oxide scale from the sheath before it is dipped and im- 
mersed in the metal; if this is not done, some of the 
scale may chip off and fall into the metal and thus render 
it impure and alter the freezing point. 

When copper is used the furnace temperature is high 
enough to burn off the coating of graphite and in this 
case a second coating of lime can be used to protect the 
graphite. A suitable lime wash can be made of one part 
by volume of slaked lime and one part water. Heat the 
sheath to 900-1,000 deg. F., dip in the graphite wash, 
quickly remove and allow to dry thoroughly and then 
repeat in the lime wash. Both coatings will generally 
dry thoroughly without reheating. 

Thermocouples of the pencil type, consisting of an 
insulated wire element welded at one end to a tubular 
element inclosing it, can be calibrated without a sheath 
if they are given a protective coating of graphite. 

The chief advantages of these washes in calibrating 
thermocouples are as follows: metal sheaths which are 
much stronger and more rugged than refractory sheaths 
can be used; the molten metal is protected from contam- 

nation; one sheath can be used in all the metals because 
it can be thoroughly cleaned, and couples of the pencil 
type can be calibrated without any sheath, under which 
onditions the couple is much more sensitive to tem- 
perature changes and the calibration rendered more reli- 
able. particularly when only a little metal is used. 


*Aluminum Company of America, New Kensington, Pa 
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Production of Hydrogen for the Manufacture of Synthetic 
Ammonia by the Hyperpressure Process.—In a note pre- 
sented before the French Academy of Sciences, Feb. 21, 
1921, Georges Claude stated that the commercial success of 
the hyperpressure process for the manufacture of synthetic 
ammonia depends on the economical production of hydro- 
gen.* In another note of April 4, 1921 
April 18, 1921, pp. 974-977), he describes his experimental 
work for the production of practically pure hydrogen by 
separating it from its mixtures, such as water gas and 
coal gas. This separation is easily realized by the applica- 
tion of the principle of the insolubility of hydrogen and the 
solubility of the other gases of the mixture in ordinary 
ether. 

The mixture, compressed to a given pressure, is passed 
through the solvent at a very low temperature when all the 
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gases but hydrogen are dissolved in the ether. The solvent 
with the gases in solution is drained off, and when expand- 
ing to atmospheric pressures the dissolved gases escape, 
leaving the solvent ready for re-use. 

The difficulty encountered in the use of this process 1s 
that the hydrogen obtained is somewhat contaminated with 
carbon monoxide; but a series of tests has led to the prac- 
tical means of how to reduce the CO content to a minimum. 
This is best shown in the accompanying figure giving the 
solubilities of hydrogen and the carbon monoxide in 
ordinary ether at +20 and —40 deg. C. for pressures up 
to 1,600 atmospheres. By working at a low temperature, 

—40 deg. C., and at a pressure of about 100 atmospheres 
it is possible to obtain hydrogen containing less than 0.002 
part CO. 


Predicting Strength of Rolled Steel—wWilliam R. Webster 
is to read a paper before the Wilkes-Barré meeting of the 
American Institute of Mining and Metallurgical Engineers, 
reopening a subject which was much discussed during the 
early 90s. Since then Campbell,’ Cunningham,’ Stead’ and 
McWilliam‘ have proposed formulas for the relation between 
chemical composition and strength. It was early recognized 
that differences in amount of reduction during rolling would 
account for 6,000 to 10,000 lb. per sq.in. tensile strength. 


See CHEM. & Met. ENG., April 20, 1921, p. 76 
‘Manufacture and Properties of Iron and Stee! 

Trans., Am. Soc. Civil Eng., vol. 38, p. 78 (1897) 

J. Iron and Steel Inst., vol. 44, p. 5 (1916) 

‘J. Iron and Steel Inst., 1918, 11, MceWilliam’s formula for ulti- 
mate strength normalized 1 in. bars of basic open-hearth steel is 
rk O00 Psoo 1c 20)] C + 120 Si [100 + BEC 20))} 
Mn + 1,000 P 
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I hit emperature also had an important influence; in 
fact, several steel works have found it useful to construct 
table if their own to include the effects of all the condi- 

ms existing at that particular place. One such table for 
basic opel hearth steel is quoted, and Mr. Webster finds 
that by starting with 50,145 lb. per sq.in. for a 0.10 per 
ent C, 0.34 per cent Mn steel, the results would be closely 
approximated by giving an increase of 830 Ib. for each 
point carbon and 170 lb. for each point manganese. “When 


phosphorus is greater than 0.02 the figures should be in- 
rate of 1,000 lb. for each 0.02 per cent that 
the phosphorus exceeds 0.01 per cent.” 
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British Patents 
For complete specifications of any British patent apply to the 
Superintendent British Patent Office, Southampton Buildings, 
Chancery Lane, London, England 


Refining Platinum.—In the separation of platinum from 
other metals, there is obtained a solution containing gold 
and palladium, which are then precipitated, leaving a pure 
platinum solution from which the metal is electrodeposited. 
The precipitation of gold and palladium may be effected by 
means of hydrogen previously treated with ultra-violet light, 
for instance by passing the gas through a helical silica 
tube surrounding a silica mercury-vapor lamp. If a plate 
of gold or palladium is placed in the solution, a voltaic 
couple is stated to be formed with the hydrogen. In obtain- 
ing the solution of platinum, gold and palladium there may 
be employed broken ingots of impure platinum or sludges 
resulting from electrolytic treatment of impure gold anodes 
in nitric acid solution, the silver being deposited on the 
cathode and platinum, iridium, palladium, gold and lead 
precipitated. The impure 
metal or sludge may be 
treated with diluted aqua 
A regia at 70 deg. C. in a closed 

if vessel A provided with a stir- 
rer b. Only the platinum, 
palladium and gold dissolve. 
An alternative method of ob- 
taining such a solution con- 
sists in treating an impure 
gold anode in acid auric 
chloride solution or aqua 
regia, silver, iridium, rho- 
dium, ruthenium, etc., re- 
maining undissolved. A part 
of the gold may then be de- 
posited electrolytically, say in the same cell, but the solution 
must be removed from the cell when it contains 3 per cent 
of gold, 6 per cent of platinum and 0.5 per cent of palla- 
dium. Treatment with the hydrogen is effected in a closed 
vessel B, excess of gas escaping by a pipe f, and the solution 
being removed by a pipe g extending downward through 
one-third of the height of the vessel. The electrolytic vat 
( for the deposition of platinum is provided with a tight 
cover and with electrodes k, i of pure retort carbon. A 
current density of 4.8-9 amperes per sq.dm. is suitable. 
Removal of the spongy platinum may be facilitated by 
slightly paraffining the cathode. If the anode is exposed 
to ultra-violet light, the chlorine is enabled to act on water, 
regenerating hydrochloric acid and producing oxygen, which 
either acts on nitrogen oxides present in the electrolyte to 
regenerate most of the nitric acid for re-use, or escapes 
with the hydrochloric acid to the first electrolytic cell where 
it assists dissolution of the gold anode. The source of ultra- 
violet light may be a silica mercury-vapor lamp lI, placed 
either between the electrodes and near the anode, or outside 
a window in the wall of the cell. (Br. Pat. 157,785; not yet 
accepted; F. SLATINEANU, Cressy-Onex, near Geneva. April 
6, 1921.) 
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Evaporating Liquids.—In an evaporating apparatus in 
which liquid is heated by circulation through a tubular 
heating apparatus A and is evaporated in a separate cham- 
ber C from which the unevaporated liquid is returned to 
the heater, the forma- 
tion of vapor in the 
heater is prevented by 
increasing the pressure 
therein by providing a 
restricted outlet d_ be- 
tween the heater A and 
the vessel C and by in- 
serting a pump B in 
the pipe which returns 
the liquid to the heater. 
The pressure is regu- 
lated by a valve P. A 
float regulator M serves 
to regulate the feed of 
liquid to the evapo- 
rator. To increase the 
transmission of heat in 
the heater A, the speed 
of flow of the liquid in 
d the tubes is increased 

by the pump B, the 

tubes are placed closer 

together, and the steam 
is circulated repeatedly over the tubes. In evaporating salt 
solution, the conical base of the chamber C is connected to 
a vessel adapted to receive the deposited crystals and to 
discharge them by admission of compressed air. In evap- 
orating liquids such as milk, fruit juice, gelatine solution, 
etc., the heater A is heated by circulation of hot water 
which is heated in a second tubular heat-exchanger heated 
by steam. (Br. Pat. 158,569; BARBET ET FILS ET CIE., Paris. 
April 20, 1921.) 









































Sterilizing Liquids.—In sterilizing water or other liquid 
by addition of chlorine or other gas, water and chlorine 
are passed in regulated streams to an absorber b, and the 
chlorinated water which collects in a vessel h is supplied 
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to the main flow of water in proportionate quantities 
Chlorine is passed from a reservoir a through a filter d, a 
reducing valve e, a metering device o and a regulating valve 
x to the absorber b, and water is passed from a tank / 
through a valve gy. The chlorinated water passes from the 
vessel h to a vessel c through a float valve and is fed throuzh 
a tapered valve i controlled by a float k immersed in th: 
main flow of water passing over a weir. The flow ot 


chlorine and water to the absorber may be regulated b; 
diaphragm valves m, n operated by a float / in the vessel / 
The metering device o may be arranged to record the amoun! 
of chlorine that passes through it. 
April 20, 1921.) 


(Br. Pat. 158,578; W 
PATERSON, London. 











June 15, 1921 CHEMICAL AND 


METALLURGICAL 


ENGINEERING 




















Current Events 


in the Chemical and Metallurgical Industries 





. ___— 

















American Engineering Council Receives Report 
on Waste Elimination 

At the regular bimonthly meeting of the executive com- 
mittee of American Engineering Council in St. Louis on 
June 3, the Committee on Elimination of Waste in Indus- 
try made a report of the investigations which it has been 
conducting for the past six months. The outstanding fea- 
ture of the report was the responsibility placed upon 
management for 50 per cent of the wastes of industry, 
while less than 25 per cent was laid at the door of labor. 
The investigation revealed a margin of unemployment of 
more than a million men, idle equipment valued at billions 
of dollars, and a waste of time, energy and money in other 
ways amounting to millions annually. 

The full report of the committee, which was not adopted 
by Council, but which is to be published under its authority 
as a committee report and signed by the committee, com- 
prises 125,000 words and deals with the deep-seated causes 
of waste apart from the world-wide waste and extravagance 
caused by the war. It discloses loss and waste from inter- 
ruption of production, low production, restriction of pro- 
duction, and lost production. 

Wastes attributable to faulty management are character- 
ized as follows: 

“The average method of management is far behind 
standards which have demonstrated their practical value; 
billions of dollars are tied up in idle equipment, and there 
is a large additional waste through maintenance and de- 
preciation charges; manipulations in raw material result 
in serious losses; an evil in some instances is the practice 
of cancellations and returns; high labor turnover is a 
rough index of one of the commonest wastes in industry; 
the waste of time and energy and money through duplica- 
tion of estimates and bids in the building trade runs into 
millions every year; quantity figuring by all bidders is a 
duplication of effort and a source of waste in construction 
work.” 

Both employer and employee are charged with restricting 
production, the former by limiting the total output of an 
industry and the latter by limiting the rate of production 
of the individual. Preventable diseases and industrial ac- 
cidents account for an economic loss of over three billion 
dollars per annum. 

In order to eliminate much of the waste the committee 
recommends a program of governmental assistance involv- 
ing the establishment of a national industrial information 
service, a national statistical service, a national health 
policy, a nation-wide program of industria] standardization 
and a revision of such federal laws as interfere with 
stabilizaticn of industry through trade associations and simi- 
lar organizations. 

Numerous other committees made reports at this meeting 
of Council, but no important action was taken. The next 
meeting probably will be held in September, at which time 
t is likely that a president will be elected to succeed Mr. 
Hoover. The Council voted to send out nomination blanks. 

Three new organizations were elected to membership in 
the Federated American Engineering Societies. These are: 
Jamestown Engineering Society, Vermont Society of En- 
vineers and Technology Club of Syracuse. 





Exercises at Edgewood Arsenal 
Special exercises were held at Edgewood Arsenal on 
June 4 in commemoration of the anniversary of the estab- 
lishment of the Chemical Warfare Service as an integral 
ubdivision of the Army. In addition to addresses in which 
the accomplishments of the year were reviewed, there was 
a minstrel show, moving pictures and a dance. 


Ia 


A. C. Fieldner Becomes Superintendent of 
Pittsburgh Station, Bureau of Mines 

The important post of superintendent of the Pittsburgh 
station of the Bureau of Mines has been filled by the ap- 
pointment of Arno C. Fieldner. Mr. Fieldner has been the 
acting superintendent of the station since June, 1920. An 
administrative assistant will be employed, so that Mr. 
Fieldner may carry on the greater part of his research 
work. He will continue to discharge the duties of super- 
vising chemist. As superintendent, Mr. Fieldner will re- 
ceive a salary of $5,000. 

While Mr. Fieldner has demonstrated that he has un- 
usual executive ability, he has been disinclined to accept 
an administrative position. Former Director Cottrell, of 
the Bureau of Mines, and Director Bain each has been 
anxious that Mr. Fieldner continue uninterruptedly on his 
research work. A determined effort has been made to se- 
cure a properly qualified person, other than Mr. Fieldner, for 
the position. The difficulty is, however, that such engineers 
are unwilling, or are not in a position, to make the financial 
sacrifice necessary with the Government’s scale of salaries. 


Experimental work calling for nearly $400,000 a year 
is being conducted at the Pittsburgh station. 
Mr. Fieldner formerly was a member of the U. S. Geo- 


logical Survey. He went with the Bureau of Mines at the 
time its work was separated from that of the Geological 
Survey. During the war he was transferred to the Chemical 
Warfare Service, where he attained the rank of major. 
On June 13, 1919, he was re-transferred to the bureau and 
was made supervising chemist at Pittsburgh. Since the 
promotion of E. A. Holbrook to be assistant director of 
the bureau Mr. Fieldner has acted as superintendent. 





Patent Amendment Proposed 

In the interest of the national defense and to prevent 
unwarranted advantages to foreign inventors, Senator Stan- 
ley of Kentucky has proposed an amendment to the Revised 
Statutes providing that any patents issued to foreigners 
must be put in operation and production in reasonable quan- 
tities begun within the continental limits of the United 
States within two years. Failure to comply with that pro- 
vision entitles the United States to issue a license which wi!l 
permit use of the patent. 

The legislation, Senator Stanley states, is intended to 
prevent such a situation as arose at the outbreak of the 
war when the United States was cut off from supplies of 
dyes which were made only in Germany. German interests 
had American patents covering more than 1,000 coal-tar 
products. Had these interests been required to manufacture 
their products in the United States American industries 
depending on them would not have been paralyzed. Senator 
Stanley points out that practically every other nation has a 
law requiring compulsory production, within the country, 
of patented articles taken out by foreigners. 





American Ceramic Society Announces 
Summer Meeting 

The American Ceramic Society’s summer meeting will 
be held at Canton, Alliance, Sebring and East Liverpool, 
Ohio, July 25 to 27 inclusive, with headquarters at the 
Hotel Courtland, Canton, Ohio. 

Among the plants visited in Canton will be the Deuber 
Watch Case Co. On the evening of July 25 a banquet 
will be held at the Canton Country Club. On Tuesday the 
members will visit ceramic plants in Alliance, closing the 
day with a dinner party and smoker at Myers Lake. 
Wednesday, the 27th, will be devoted to visiting plants in the 
East Liverpoo] district. 
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Research Council Chemical Division Officers Elected 


Dr. F. G. Cottrell has been re-elected chairman of the 
Division of Chemistry and Chemical Technology of the 
National Research Council for the year beginning July 


1. Julius Stieglitz was elected vice-chairman. 


committee, in 


The executive 
addition to Drs. Cottrell and Stieglitz, will be 
composed of W. D. Bancroft, R. B. Moore, W. F. Hillebrand 
and C. G. Fink 

Membet at large of the Division of Chemistry and 
Chemical Technology, elected for three years, are Treat 
B. Johnson, New Haven, Conn., and R. B. Moore, Wash- 
ington, D. ¢ 

Representatives of constituent societies have been selected 
as follows: 

American Chemical Society—C. E. Franklin, 
University, California; John Johnston, Yale 
New Haven, and J. E. Teeple, New York City. 

American Ceramic Society—Albert V. Bleininger, Bureau 
of Standards, Washington. 


Stanford 
University, 





Dr. Cottrell Goes to Europe 

Dr. F. G. Cottrell, chairman of the division of chemistry 
and chemical technology of the National Research Council, 
sailed June 11 for Europe to make a survey of the ap- 
plications being made of helium in European countries. He 
will make a special study of oxygen separation and 
concentration. In this work he is representing the U. S. 
Bureau cf Mines as well as the Research Council. 

While in Europe Dr. Cottrell will attend the meeting of 


aiso 


the International Union of Pure and Applied Chemistry, 
which is to be held in Brussels June 27. Other delegates 
selected by the National Research Council to attend the 


Brussels meeting are E. S. 


Chapin, Frederick G. Keyes, 
McCall, H. S. 


Collin Taylor and James B. Conant. 





Chicago Meeting of the Refrigerating Engineers 
The American Society of Refrigerating Engineers held its 
eighth Western meeting at the Hotel Drake, Chicago, May 
25 to 27 
BUSINESS SESSION 


One of the most important items that this association has 
under advisement is the preparation of a mechanical 
refrigeration a committee of the society working in 
co-operation with the American Engineering Standards 
Committee. <A_ tentative was presented to all the 
members present and considerable discussion followed, sev- 
eral exceptions being taken particularly to the pressures 
listed for ethyl! chloride, sulphur dioxide and methyl chloride, 
which were said to be too high compared with the corre- 
sponding pressures given for ammonia. Other members 
took exception to the fixed specifications on electrical equip- 
ment as regards its being isolated from the refrigerating 
equipment in the power house. It was further agreed that 
the lower limit of three tons as the size of plant requiring 
a licensed engineer was an unreasonably low figure, which 
should be raised to twenty or thirty tons. 

In the discussion on the Bureau of Standards work with 
anhydrous ammonia it was decided that the two fellowships 
which are maintained by the society at the expense of 
about $6,000 per year should be continued for the coming 
year. By 1923 the work on the anhydrous ammonia tables 
will be completed and some work started on CO... Further- 
more, it is expected that the Government will appropriate 
enough money to continue this work indefinitely for the 
benefit of the industry 


code, 


code 


MULTIPLE EFFECT COMPRESSION 


H. C. White of the Consumers Co., Chicago, delivered a 
paper on “Multiple Effect Compression,” where a method is 
employed consisting of first filling the compressor cylinder 
with low-pressure gas and then near the end of the stroke 
switching over the valves and admitting gas at higher 
pressure to compress the charge and fill the cylinder with 
the denser gas. Machines of the Consumers Co. have been 
equipped with these Voorhees devices, resulting in consid- 
erable gain in economy. 
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Data were given on a single acting 
condenser pressure of 185 lb. and a 
first 20-lb. gage and then 35-lb. gage. In the first case it 
was necessary to compress 4.17 cu.ft. of gas per ton of 
refrigeration with a compression horsepower of 1.336, while 
in the second case 2.84 cu.ft. was compressed with a horse- 
power 0.98, showing that 47.5 per cent more capacity was 
obtained and 26.5 per cent less power was used per ton of 
refrigeration. For each pound increase in suction pressure 
the saving was placed at 1.76 per cent. 


compressor with a 
suction pressure of 


BRINE SPRAY REFRIGERATION 


S. C. Bloom, in discussing “Brine Spray Refrigeration,” 
compared a new type of nozzle which gave a hollow cone- 
shaped spray with the earlier inefficient devices giving a 
coarse flat spray. One of the earlier methods was to use 
a plugged nipple discharging against a plate, or an adjust- 
able nozzle which the operator could chanvze at will. 
Pressure ranged from 20 to 70 lb., although 25 lb. would 
have been sufficient in most cases. Spaces between nozzles 
in the older types varied from 12 to 48 in. according to the 
notion of the designer and mains were further connected in 
parallel so that reduction of pressure on one would affect 
all. Brine temperatures employed ranged from 8 to 20 deg. 
F. and the height from deck to ceiling averaged from 6 to 
8 ft. It was further commonly thought that the stronger 
the brine solution the better would be the results. 

Improvements in the deck system of spraying had been 
sought by the author and applied quite extensively in the 
Chicago plants of Armour & Co. A weak brine solution 
was used and the problem of obtaining better circulation 
and more rapid cooling was undertaken. The nozzles formed 
a spray of a hollow cone shape and were so spaced that the 
cones of spray intermixed and filled the entire space of the 
cooler loft. Experiments showed the most suitable pressure 
was 73 lb. Gravity tanks were arranged above the nozzles 
to prevent variation in pressure and this, coupled with non- 
adjustable nozzles, made a system practically fool-proof. 
Experiments showed that the latter type of system was 
much more desirable. In modern installations more brine 
surface is presented to the air and more rapid circulation 
obtained through the brine and proper spacing of nozzles, 
all of which makes better concentration of ammonia at the 
power house. 


SPRAY COOLING SYSTEMS 


O. J. West read a paper on “Spray Cooling Systems,” 
which brought out the great increase in cooling capacity 
obtained by the use of sprays as compared with a basin or 
pond without sprays. The proper use of piping arrange- 
ment was suggested, operating pressures were given and 
nozzles described. The spray system is coming into greater 
use, there now being over 2,000 installations in the United 
States. 

FUNDAMENTAL CONSTANTS 


E. F. Mueller, of the U. S. Bureau of Standards, pre 
sented a report on the progress in the determination of the 
fundamental constants of refrigeration engineering, includ 
ing a set of standard anhydrous ammonia tables. These 
tables may be obtained by addressing the Bureau of Stand- 
ards at Washington, D. C., or securing a copy of the 
January issue of the Journal of the American Society of 
Refrigeration Engineers published at 154 Nassau St., New 
York. 


REFRIGERATION IN RUBBER MANUFACTURE 


“Refrigeration in the Manufacture of Rubber” was giver 
by J. H. Vance. Since the raw rubber arrives at the factor) 
full of dirt, bark and wood chips, it is first necessary to 
wash it. This process is carried on by passing the materia 
through cast-iron rolls made with chilled surfaces and so 
corrugated that a crushing and shearing action takes place 
as the rubber passes through. From these rolls it enter 
the washers and sheeters, whence it emerges in the form of 
a thin irregular sheet. The wash water at this point mus! 


be below 76 deg. F. to prevent tackiness, and often refriz 

erated water must be used to maintain this temperature. 
After the rubber is thoroughly washed it is passed into 

drying rooms or vacuum driers and passes through hollow 
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rolls, where it Is masticate These rolls operate in pairs 
with a speed ratio of 14 to 1 revolution. From the dryi 
room the material is passed to the mixing mill, which cor 


sists of sets of rojls for working the rubber. Each set 


consists of two hollow cast-iron cylinders with smooth 
surfaces operating at a speed of 1 to 14 revolution ratio. 
This operation causes a grinding of the rubber at the same 
time the additional compounds are being mixed in. The 


friction at this point generates so much heat that it is 
absolutely essential to use refrigerated water 
proper temperatures. In a typical 
5,000 gal. of water per minute was used, figures were taken 
to determine the exact amount of refrigeration required. 

The mixing heat on rolls varies widely but must be kept 
below 176 deg. F. to prevent of the rubber. In 
this particular plant in question the water temperature on 
entering the inside of the hollow roll was 58 deg. F. and the 
return water was 64 deg. F. In making the calculations for 
refrigeration count was taken of the friction load, driving 
load, thickness of metal and other factors. [t developed that 
788 hp. was consumed in the operation, producing enough 
heat to require 167 tons of refrigeration. In carrying the 
figures down it developed that one-sixth of a ton of refrig- 
eration was required per lineal inch of roll face to maintain 
the necessary temperature. 

Other papers presented were “Automat 


to keep these 


+ 


rolls at the plant where 


scorching 


Appliances for 


Refrigerating Machines,” “Modern Air Compressor Prac 
tice and Testing,” “Water Treatment for Raw lice” and 
“Eye Shell Sterilization for Cold Storage.” The conven- 


tion closed with an informal] dinner at the Hote] Drake and 
various plant trips in the vicinity of Chicago. 





Program Arranged for New Jersey Clay Workers 
Meeting 

In connection with the program for the summer meeting 
of the New Jersey Clay Workers Association and Eastern 
Section of the American Ceramic Society, to be held at 
Trenton, N. J., on June 17, Prof. George H. Brown, directo1 
of the Department of Ceramics, Rutgers New 
Brunswick, and secretary of the association, has arranged 
for a number of interesting papers and addresses. Among 
these will be a technical paper on the subject of “Hollow 
Building Tile,” by Walter A. Hull, United States Bureau of 
Standards, Washington, D. C., and a lecture by Prof. A. 8. 
Watts, Ohio State University, Columbus, on “Factory Prep- 


College, 


aration and Burning of Whiteware Bodies.” An address 
will be made by William Burgess of the United States 
Potters’ Association. At both morning and afternoon 


sessions there will be a discussion of practical problems 
pertaining to the ceramic industry, such as kilns, kiln 
firing, saggers, etc. It is proposed to arrange a trip to a 


number of representative local potteries. 





American Farm Bureau Federation Report 
on Muscle Shoals 

The executive committee of the American Farm Bureau 
Federation has approved unanimously the report prepared 
by the special committee appointed to investigate the entire 
Muscle Shoals project. After thorough study the committee 
ecommends that the Wilson Dam be completed by the 
Government without further delay and that the nitrate 
lants be placed under the direction of a Gcvernment owned 
orporation which may, at its discretion, operate the plants 
or maintain them ready for operation, but with strict 
regulations as to prices to be obtained for commodities in 
vhich the products of these plants are used. 





Will Discuss Plastering Code 

Chapter 3 of the proposed national plastering code will 
be discussed at a conference at the Bureau of Standards 
June 20. This chapter is devoted to plaster materials. 
Chapter 1 of the proposed code has been completed. It 
eals with masonry backing for plaster. Chapter 2 deals 
with lath backing and is nearly completed. Chapter 4, 
ealing with mixing and application of plaster, was re- 
ntly started. Chapters to be written later include “Proper- 
‘s of Finished Materials,” “Methods of Testing Finished 
Plaster” and “Patching and Decorating.” 


CHEMICAL AND METALLURGICAL ENGINEERING 





LO75 


Chicago Section of American Ceramic Society 
Holds Spring Meeting 
Members of the 


Chicavo Sectior 


American Cera 
Society, met at an informal dinner on May 23 f he 
spring business session and presentation of informa apers 
REFLECTOR ENAMELS 
Cullen W. Parmelee abstracted a paper on the develoy 
ment of a reflector enamel, being the thesis of William R 
Morgan and A. H. Charles of the University of Illino 
Tests were run to determine the combined effect of cobalt 
and nickel in ground coat for sheet steel enamel. Compari 
sons were made of color and texture and impact t 
were carried out on the pieces It was found that 900 
deg. C. was the most favorable temperature to w 1 the 
enamel should be heated. The toughness of the enamel 


decreased as the temperature was increased above thi 


point. The best mixture of the two oxides was determined 
as 1 per cent nickel oxide and 1 per cent cobalt oxide. 
lt was concluded that the presence of nickel is conducive 


to uniform color and that the amount of cobalt oxide neces 
sary is in excess of that used in practice. An 
increase in the percentage of oxide 
pinholing at the temperature 
oxide is maturity. 

chromium 


general 
total 
decreases proper 
Cobalt valuable as an 

Further experiments were made with oxide, 
spinel and tin oxide in enamel. The tests showed that tin 
oxide has the highest reflecting power, spinel the next high 
est and zirconia the least amount. The practical lim 
for the quantity of tin oxide added is 10 per cent. Spinel 
is Interesting as a substitute for tin oxide 
8 per cent. It is, however, about 10 per cent 
than tin oxide. 


color content 
maturing 


indicator of 


using about 


less efficient 


PYROMETRY 


G. V. Nightingale and F. C. Baker conducted an in 
structive discussion on pyrometry, with particular reference 
to the types used in industrial practice. The recording 
pyrometer is an accurate check on the clay burner. Th 
potentiometer is the most accurate type of instrument used 
but it is difficult to get the operators to give it the proper 
care. 

BUSINESS MEETING 


A motion was carried after considerable discussion to 
have a committee appointed for meeting with a similar 
committee from the Illinois Clay Manufacturers Association, 
such joint committee to consider the amalgamation of the 
Chicago Section of the American Ceramic Society with the 
Ijlinois Clay Workers Association. 

Motion was carried to place the power in the hands of 
the executive committee of the 
four members for service on 
University of Illinois. 

Chester H. Jones was nominated to serve on the com 
mittee of the national society for selecting American Cera 
mic Society national officers for the coming year. 


section 
the advisory 


local to appoint 


board of the 





Research Work on Electrodeposition 


During the past month a member of the Bureau of 
Standards staff attended meetings of the American Electro 
chemical Society in the interests of research work on electro- 
deposition. A great deal of interest was shown in the 
proposed program and plans were made for the formation of 
a division of the society to be concerned wholly with 
this kind of work. If such a division is organized, it 
will be a distinct advantage in bringing together persons 
interested in this field and thereby stimulating research 
work along electrochemical lines. 

Letters have been sent out by the National Research 
Council to about 200 representative manufacturers in whose 
plants electroplating is an essential process. The purpose 
of these letters is to inquire whether they would be willing 
to furnish financial support toward research work on elec- 
trodeposition. If such support is received, it is expected 
that the funds will be expended for research work conducted 
at the Bureau of Standards under the general supervision 
of a representative advisory board. 
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Industrial Aleohol Makers Not Satisfied 


Manufacturers of industrial alcohol are far from satisfied 
with Representative Volstead’s bill, supplementing the na- 
tional prohibition act. In its final form, as reported favorably 
to the House of Representatives, language was added spe- 
cifically stating that nothing in the bill is to authorize the 
commissioner to limit the quantity of alcohol 
that may be manufactured. 

The parts of the bill to which most objection is taken are 
3 and 4. As presented to the House, these sections 
read as follows: 


prohibition 


sections 


Sec. 3. The commissioner shall only grant the per- 
mits that are necessary to supply the actual needs for 
non-beverage purposes and shall limit the supply and 
use of all liquor save denatured alcohol and denatured 
rum unfit for internal use to such non-beverage needs. 
But this provision shall not authorize the commissioner 
to limit the quantity of alcohol that may be manufac- 
tured, nor shall it b taken to repeal the right of the 
applicant for a review of the decision of the commis- 
sioner in refusing a permit by a court of equity as pro- 
vided in the national prohibition act. If the commis- 
shall find that any article enumerated in sub- 
divisions b, e, d, or e of section 4 of title 2 of the 
national prohibition act is being purchased for use as 
for intoxicating beverage purposes, he 
may require a change of formula of such article or 
cancel the permit for the manufacture of such article 
unless it is made clearly to appear to the commissioner 
that such use can only occur in rare or exceptional 
instances 

No intoxicating liquor other than alcohol shall be 
used in the manufacture of any article enumerated in 
subdivisions b, ce, d, and e of section 4, title 2 of the 
national prohibition act unless it shall clearly appear 
to the satisfaction of the commissioner that the use of 
intoxicating liquor other than alcohol is essential as a 
component part of such article. 

Sec. 4. Not less than twenty days before an annual 
permit is issued for the sale of any liquor or the manu- 
facture of any liquor or any article enumerated in sub- 
divisions b, ¢, d, and e of section 4, title 2, of the national 
prohibition act, the application therefor shall be filed 
with the commissioner and made a public record, and 
notice thereof shall be served by registered mail on the 
Attorney General and the commissioner may require 
such notice to be publicly posted at the applicant’s 
place of business as regulations may prescribe. Any 
federal or state officer or any person authorized thereto 
by any such officer may oppose any such application. 


sioner 


a bevel age, or 


Despite the objections raised to dual control by the pro- 
hibition commissioner and the Attorney General, no change 
was made in that part of the original bill. The committee 
did aecede to the objections voiced against the requirement 
that a of the component materials must be added to 
aleohol at the distilleries. Users of industrial alcohol also 
objected to the requirement that the permit be publicly 
posted at the applicant’s place of business. It was argued 
that this requirement places the industrial users of alcohol 
on much the same footing as saloons formerly were. 


part 





Secretary Hoover on Trade Associations 
The attitude of the federal administration toward the 
trade organizations of the various industries has been made 
clear by recent announcements by the Secretary of Com 
merce and by the Attorney General. The Attorney General 
has given notice that he will push a test case against one 
of the open-price There will be no dragnet 
over all the associations and there will be no whole- 
ile indictments, Attorney General Daugherty declared. 
Secretary Hoover authorized the following statement: 
The relation of trade associations and trade insti- 
tutes to the anti-trust laws have been discussed at 


associations. 


thrown 


great length in the Administration. Of the many 
thousands of such organizations there are a_ small 
who have degenerated into ways that make 


minority 
for restraint of trade. 

All are agreed that the purposes and actions of the 
vast majority of national associations are a construc- 
contribution of public welfare. Their activity 
better business practices, advance- 
produc- 


tive 
in promotion of 


technical processes, simplification of 


ment of 
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tion standardization of quality, extension of foreign 
trade, commercial arbitration, etc., makes for more effi- 
cient industry and business. Many of them collect 
information as to the production, stocks of raw and 
other material, percentage of industry in active oper- 
ation, and total orders in hand, all of which when 
available to the public contribute both to stability and 
the increasing efficiency of industry and to the pro- 
tection both of the smaller manufacturer and the con- 
sumer. The Department of Commerce wishes to co- 
operate and assist with all of this sort of effort. 

A smaller number of such associations have been 
engaged in the collection of data on the prices for the 
exclusive use of their members. Some of these associa- 
tions have been charged with delimiting areas of com- 
modity distribution among their members and other 
misuse of information. Whether these latter practices 
constitute a violation of the national anti-trust laws 
must be determined by the courts, and this the Attorney 
General is vigorously proceeding to find out. 

All this raises anew the question of the authority 
of the Federal Trade Commission. The original con- 
ception of the commission was that it should, among 
other things, advise business men as to what constituted 
a violation of the restraint of trade laws, but these 
powers were struck out in the course of original leg- 
islation. It seems to me that the seven years’ experi- 
ence with the commission should now enable a recon- 
sideration of its powers with a view to giving it a more 
constructive function, subject say to review by the At- 
torney General, by which it could remove the uncer- 
tainties from the mind of business men as to the line 
between the field of co-operation for promotion of pro- 
duction and trade in public interest and the field of 
practices against public interest. There is nothing so 
destructive of business as uncertainty, and business has 
inherently enough uncertainty to deal with, without 
this one. 





Hercules Powder Co. Acquires Aetna 
Explosives Co., Inc. 


Rumors of the proposed purchase of the Aetna Explosives 
Co., Inc., by the Hercules Powder Co. received definite 
confirmation last week, when the Aetna stockholders 
sanctioned the sale of its properties, assets and business. 
This marks the culmination of a transaction that has in- 
terested financial and business circles for the past two 
years, and which in addition to being a deal of considerable 
moment also presents an unusual legal aspect. 

Although it has been understood practically since the 
close of the war that negotiations were under way between 
these two manufacturers, it was not until the petition of 
the Hercules company for permission to purchase the Aetna 
company had been acted on favorably by the Circuit Court 
of Appeals, sitting as the United States Court for the 
District of Delaware, that the proposition assumed any 
real definiteness. The Hercules company was originally 
created by a decree of a federal court in an action brought 
by the United States against the du Pont company under 
the Sherman act. Although not a party to this action, 
the Hercules company is bound by certain injunctions in 
the final decree, and for this reason it was deemed neces- 
sary to petition the court for permission to effect the 
present transaction. On May 4, a decision was rendered on 
the Hercules company’s petition, sanctioning the purchase 
of the Aetna company, in which the court expressed itself 
as convinced that in permitting the Hercules Powder Co. to 
buy the Aetna company actual competition would be un 
diminished and even probably increased, especially as re 
gards the Hercules company’s strongest rival, the du Pont 
company. 

By this purchase the Hercules company will acquire high 
explosives, or dynamite, plants near Birmingham, Ala.: 
Emporium, Pa.; Sinnamahoning, Pa.; Ishpeming, Mich.; and 
Fayville, Ill.; two black blasting powder plants, one at 
Goes Station, Ohio, and the other near Birmingham, Ala.: 
a plant for the manufacture of blasting caps and electri: 
blasting caps at Port Ewen, N. Y., and a plant for th 
manufacture of fulminate of mercury, for use in blastin 
caps, at Prescott, Ont., Canada. 

The company states that reorganization and new align 
ments of branch office territories will take place gradual]; 
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Water Purifieation 

The last meeting en the 1920-21 program of the Connecti- 
cut Valley Section of the A.C.S. was held in Westfield, 
Mass., on May 22. The members were entertained for 
dinner at the Mt. Tekoa Country Club. The afternoon was 
given up to a trip to the Borden Brook reservoir and filter 
plant, which forms a part of the water supply of Spring- 
field, Mass. About thirty members made up the party for 
the trip and thanks to the courtesy of the members of the 
staff at the filter plant enjoyed a most instructive excursion. 

Prof. Whipple, of the Harvard Engineering School, was 
the speaker at the evening meeting. His subject was 
“Water Purification.” 

Dr. Whipple showed a series of charts illustrating the 
various qualities of the waters of Massachusetts used fon 
town and city water supplies. These charts showed color, 
sediment—the sediment in these waters is so slight that it 
cannot be expressed in terms of the silica standard— 
iron, hardness, chlorine and other factors. For the most 
part the waters of Massachusetts are low in color and in 
carbon dioxide and are in general very soft waters. Some, 
however, are quite corrosive. 

Some recent European work, he said, has shown a balance 
between carbon dioxide, carbonate and bicarbonate. If there 
is more carbon dioxide in the water than this relation calls 
for, the waters are corrosive. For this reason apparently 
the most corrosive waters of the state are soft waters. 

Filtration of waters to be successful must do much be- 
sides cleaning up water from a sanitary standpoint. Some 
methods now used increase corrosion by increasing the 
carbon dioxide and reducing the bicarbonates in water. 
For this reason alum is not entirely satisfactory as a 
coagulant. He said that we formerly considered that the 
action of alum in water was simple. It is now known to 
be very complex. Conductivity methods have shown this 
especially well. He referred to the article by Abel Wolman 
and Frank Hannan, published in CHEMICAL & METALLURGI. 
CAL ENGINEERING, vol. 24, pp. 728-34, as illustrating this 
point and invited contributions along such lines as this from 
all chemists who might find opportunity to do work in 
this field. 

Study of the reactions involved in various methods for 
water-treating which would show the time necessary for 
the reaction to be completed is very necessary, he said, 
for if the time between treatment and filtering is too 
short the reaction will go to completion afterwards and 
will probably cause trouble. He read a letter from Allan 
Hazen bearing on this point specifically. Mr. Hazen be- 
lieves that the time factor in settling of waters has been 
underestimated and that more attention must be paid to 
it. Some waters contain compounds which retard the for- 
mation of the alumina flock. 

With regard to industrial water purification Dr. Whipple 
said that he believed that there was a relation between 
color and dissolved alumina. Sometimes waters are found 
that will not respond to a softening treatment until they 
are heated. Soft waters are the most troublesome in this 
respect. He thought that new methods might be worked 
out to largely replace those now in use. 

The corrosive problem has not yet been properly handled. 
He quoted Prof. Phillips of Harvard, who believes that the 
presence of electric currents generated by couples formed 
at the junction of dissimilar elements may be a source of 
some of the trouble. Another factor of importance in 
water-treatment, especially where mechanical filters are 
used, is the handling of the alumina flock and its removal 
by the filter bed. Pipes of the largest diameter possible 
should be used to pass the water to the filters so as to 
have the stream fiow as slowly as possible in order that the 
alumina flock may not be broken up. 





To Extend Aid to Export Industries 

Details of the plan of the Secretary of Commerce to 
aid the export industries now are being worked out. Each 
of the industries is to be separated into subdivisions. 
Three of the chemical subdivisions have been agreed upon 
and others are to be chosen later. The three subdivisions 
which have been decided upon at the time of this writing 
are dyes, drugs and phosphates. 
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E. D. FROHMAN, of the S. Obermayer Co., Pittsburgh, 
Pa., has gone to Europe, where he will make a special study 
of the application of high-temperature cements for boiler 
and metallurgical furnace linings. 

ELLWoOOop HENDRICK, consulting editor of CHEMICAL & 
METALLURGICAL ENGINEERING, received the honorary degree 
of Doctor of Science from Franklin and Marshall 
of Lancaster, Pa., on Commencement Day, June 8. 

SIDNEY D. KIRKPATRICK has. joined the editorial staff of 
CHEMICAL & METALLURGICAL ENGINEERING, with headquar- 
ters in New York. He was until recently a chemical expert 
for the U. S. Tariff Commission, Washington, D. C. 

HARAI R. LAYNG, of the Eureka Holly Mining Co., has 
resigned and is now practicing as a metallurgical engineer 
in San Francisco. He was superintendent of both the Holly 
and Bullwhacker mines, and later designed and constructed 
a 15-ton experimental chloridizing volatilization plant, com- 
pieted last March. 


College 


C. E. MCQUIGG is continuing research work for the Union 
Carbide & Carbon Corporation at the new Long Island City 
laboratory, instead of at Niagara Falls, N. Y. 

Dr. ERNEST FOX NICHOLS was inaugurated as president 
of the Massachusetts Institute of Technology, Cambridge, 
Mass., on June 8. 

F. H. PENDLETON, formerly chemist with the New Eng- 
land Bureau of Tests of Boston and more recently research 
chemist with the Gorton-Pew Fisheries Co., Gloucester, 
Mass., has joined the staff of Skinner, Sherman & Esselen, 
Inc., Boston, Mass. 

WALLACE SAVAGE has resigned as 
CHEMICAL & METALLURGICAL ENGINEERING to take effect 
June 30. He will devote his attention to the commercial 
development of an asphalt expansion joint designed by him 
for use in concrete construction. 


assistant editor of 


WILFRED W. Scotr has resigned as research chemist of 
the General Chemical Co. and has accepted the position of 
associate professor of chemistry in the Colorado School of 
Mines, Golden, Col. 

T. F. SULLIVAN, who has been in charge of construction 
for the new paper mill of the Riordon Co., Ltd., at Temis 
kaming, Que., has accepted a position as sales engineer with 
the Springfield Boiler Co., Springfield, Ill. 
































W. B. COGSWELL, founder of the Solvay Process Co., died 
recently at his home in New York of blood poisoning result 
ing from an infected middle ear. 


JOHN W. LEITCH died at Minesbridge, England, on May 
20. Mr. Leitch was the pioneer British manufacturer of 
TNT and during the early days of the war was called upon 
to supply this explosive, which was so badly needed that 
it was used at the front within forty-eight afte 
being manufactured. His plant and services were put at 
the disposal of the War Office and formed the nucleus of 
the great government TNT works. The heavy work of the 
early years of the war so told upon his health that toward 
the end of 1916 he had a breakdown following an attack 
of influenza which left his heart seriously affected. He 
recovered sufficiently, however, to resume his activities and 
in 1919 was appointed chairman of the mission sent to study 
some of the dye works in the occupied area of the Rhine 
The two-volume report of this investigation is an eloquent 
testimony of the work done by this mission 


hours 


ANI 





c——_—_— — 


¥ ~ — =sri( ke= — === = — 


Current Market Reports 














= — — a, 

The Chemical and Allied Industrial Markets 
NEw YorK, June 13, 1921. 

he y chemical market continues to show improve- 

t d act emphasized in several ‘mportant items. 

l ficiently apparent that liquidation has brought 

an actua hortage of goods in some instances and 

el have toreed price upward in their efforts to cove) 

requirement While this condition does not hold true 

throughout the entire list and while it is evident that manu 

facturers will readjust prices in some commodities, the fact 


t causti oda oda ash, oxalic acid, nitrite of soda and 
other important items have resisted any sefling influence 
quite significant that the bottom has practically been 
eached. If the strength shown in these commodities during 
the past week is to be permanent, then a decided improve- 


ment can be « x pec ted throughout the general list. 


One of the most encouraging features was the inter- 

ngling of foreign inquiries with those for domestic re- 

rements. It is reported that several inquiries were re- 
ceived from Italy, Mexico and the Far East. Europe is 
reported to have been in the market for numerous large 
cuantities of caustic soda and in some instances these in- 
quiries have turned into actual orders. 


Importations have already been decreased since the new 
tariff legislation, which dampened the buying of foreign 
voods and shifted the inquiry to domestic materials. This 
has been particularly true in the case of oxalic acid. The 

which have been flooding the country 
during the past six months, have been summarily stopped 
hy a ruling from the Treasury Department classifying this 
article as a “synthetic organic chemical” and subject to the 
license rulings as dyestuffs and intermediates under 
tariff measure. Quite a few importers, 
inaware that there would be any such decision, have been 
caught with goods afloat or ready to be shipped. The situa- 
tion has thrown the market into confusion and holders of 
tocks in this country have forced their prices up as far 
as possible. Soda amony the commodities to re- 
port a net advance in the spot market at the close. Rumors 
were current throughout the week that buyers are greatly 
concerned over shipments of ash from England and many 
nterests expected delays in view of the coal strike. The 
result was that domestic ash was taken and the buying 
was sufficiently heavy to reduce resale stocks 
a high market. 

There was a noted improvement in the inquiry for caustic 
soda. It is stated that English caustic soda cannot be im- 
ported this country below 5c. per Ib. Small lots of 
bichromate of soda have attracted a great deal of attention 
from the consuming trade and the market recorded an ad- 
for the 


heavy imports of oxalic, 


“ame 


the « mergency 


ash was 


movement 


and register 


into 


vance week 


CHEMICALS 


reached 
good volume during the past week and 
dealers have been able to advance quotations without much 
ifficulty. It is the general opinion that the quantity of 
supplies in resale hands is comparatively small and there 
noticeable tightening up of offerings on various oc- 
At the close the best price heard was 8jc. per lb. 
sellers asking 84c. for standard brand material. 
\ noticeable improvement in the general inquiry for caustic 
oda has taken place during the period under review. De- 
mand has emanated from both foreign and domestic sources 
nd enough buying orders have been shot into the market 
to keep prices as high as $4.10 per 100 Ib. Standard brands 
were offered sparingly in the late trading and the general 
outlook appeared quite favorable for maintenence of 
values. Outside makes were obtainable at a fraction below 
standards. English caustic soda for ship- 
100 lb. N. Y. Producers quote 


Small lot buying orders of bichromate of soda 


the open market ir 


was a 
Asiol 
th most 


se named for 


ent was offered at $5 


per 
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contracts for solid caustic at 34c. per lb., basis €0O per « t 
f.o.b. works, and 5c. per 100 lb. higher for single cars. Most 
dealers quoted nitrite of soda on spot at 74@7¥c. per lb., 
and it is understood that small lot trading took place at 


iic. per lb. and upward depending on setier. The feeling 
continues bullish in this material, although some factors are 
of the belief that the advancing tendency will likely be 


irregular on account of supplies being scattered. Spot 
+ 


prussiate of soda is quoted firm at 1241@123c. per lb., with 
= 


les noted at these figures. A fair inquiry is reaching the 
arket for small lots and several interests are inclined to 
ok for an advance in prices. There were rumors that 
eventually this chemical is likely to come under the same 


classification as oxalic acid and nitrite of soda, thereby re- 
quiring a license to import. Offerings of resale light 
ash continue quite small and dealers stated that it 


soda 


was 


coubtful if better than $2.20 per 100 lb. could be done on 
any sizable quantity in single bags. Small lots were 


quoted at $2.25@$2.35 per 100 lb. 
$2.50@$2.60 ex-store N. Y. 
was reported active. 

Imported barium chloride was offered on spot at $60 pei 
ton and it is understood that some domestic goods can be 
purchased at the same price. Some business is reported in 
small quantities, but consumers show little interest in round 
lots at present. There was a noticeable scarcity of offer- 
ings in oxalic acid and prices were decidedly higher on a 
basis of 193@20c. per lb. 


Barrels were quoted at 
The call for less than carlots 


There was no lack of confidence 
on the part of dealers regarding the immediate trend of 
values. The ruling by the Government requiring a license 
to import this chemical is viewed by many to be a very 
strengthening factor. Leading producers of. zine sulphate 
have lowered their carlot price to $2.90 per 100 lb. Smal! 
iots are moving at various figures up to 3fe. per lb. The 
demand has not shown very much activity of late and prices 
lave been established on a basis more attractive to the con- 


sumer. Prices on white arsenic are quoted lower at 643@ 
Tic. per lb. The demand has been extremely dull and 


stocks are heavy in many quarters. Red arsenic was also 
quoted slightly lower with the demand very slow. Quota- 
tions are now around 11@12c. per lb. Imported ammonium 
nitrate is offered around 73@8c. per lb., according to seller 
and quantity. A fair demand has been noted. Red phos- 
phorus in makers’ hands is held at 50c. per lb., but the 
French imported material is offered at 40c. Yellow phos- 
phorus from producers is quoted at 35c. per lb., as against 
30c. per lb. named by importers. Carlots of carbon tetra- 
chloride are offered by manufacturers at 10%c. per lb. f.o.b. 
N. Y. Small lots of five drums are held all the way up to 
i2¢. per lb. Resale material is occasionally offered below 
these figures, but attracts little attention. 


COAL-TAR PRODUCTS 


Producers of coal-tar products are firmer in their views in 
most quarters and if any shading is possible it is only among 
second hands. There is a difference of opinion as to supplies 
among second hands, and while some say the surplus has 
been very much reduced, there are some who feel that stocks 
are still plentiful and in consequence inquiries are more to 
test prices and are not frequently followed by orders. There 
was a considerable improvement noted in the general condi- 
tion of the textile industry, which is already reflected in the 
dyestuff market by an increase in the demand for colors, 

Among intermediates beta naphthol is in steady demand 
and prices are firmer in most directions, ranging from 
38@40c. per lb. Makers of para nitraniline are quoting 
prices around 85@95c. per lb., with many resellers quoting 
the same figures. No definite lots could be located below 
this level, although the majority of resellers in the market 
seem to be of the opinion that business on a firm basis could 
easily be done at 82c. per Ib. The determined effort on the 
part of some factors to keep prices up to 85c. per lb. rather 
lead to the belief that the market is not very firm. Prices 
on para-nitrotoluene are lower at 85@95c. per Ib., according 
to quantity and seller. The market on dimethylaniline con- 


tinues quiet with prices on the spot around 41@45c. per Ib. 
There is a probability that this figure can be shaded on firm 
business, but stocks in most quarters are reported quite light. 
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Makers are holding their prices around 60@65c. per Ib., 
according to quantity. The market on aniline oil seems 
somewhat steadier on an increasing inquiry. Spot resale 
stocks are being greatly depleted and inquiries are being 


turned over t The general market price at pres- 


done freely 


named by makers, 


producers. 
lb. and 
spite of the high figures 

Naphthalene continues dull with the in 


ent is around 20c. pet business can be 
at this level in 
ip to 27¢. per lb. 
quiry very small and resale holders willing to make conces 
sions to move stocks. Prices as low as 7ic. per lb. are named 
in some directions and it is understood that even these fig 
ures can be shaded on firm business. 
to be getting very tired. Refiners are still holding their quo- 


tations at 84@9k3c. for the flake and 95@103c. per lb. for the 


Holders of stocks seem 


balls, with very little business passing. 
WAXES 
Traders reported a quiet market for beeswax, but prices 


held on a steady basis in nearly all instances. Primary mar- 
well maintained. Crude African beeswax closed 
unchanged at 164@17c. per lb. Brazilian crude held at 
243@26c. With little change at primary centers the market 
for showed no important price revisions 
locally. The volume of trading was quite easy, but no sell- 
ing pressure was in evidence. No. 2 North Country held at 
25@26c. per lb. spot delivery. No. 3 chalky closed at 17@ 
1&c. per lb., with the No. 3 North Country at 16@17c. per lb. 
No. 3 North Country for forward shipment held around 15c. 
per lb. Arrivals of Japan wax were larger, but this appar- 
ently was not reflected in any weakness in prices. Importers 
continue to quote the market at 18@184c. per lb. for spot 
goods, while for near by slightly lower figures prevailed. 
Mail advices from Tokio reported a quiet but steady market 
despite the fairly liberal holdings. The market for para ffinc 
wae again seemed to favor buyers and quotations were 
barely steady throughout the trade, with some prominent 
factors credited with shading in order to attract business 
The export inquiry was dull. Stocks of paraffine are said 
to be large considering the amount of trading. Secale wax, 
118-120 deg. melting point, was offered at 24c. per Ib. in 
carlots, 


Kets are 


carnauba war 


VEGETABLE OILS 


Irregularity was noted in the prices named on chinawoed 
oil for forward delivery and operators said that the situation 
was slightly easier. Offerings were noted at 10%@llc. per 
lb. in barrels, June-July shipment from the Orient, New 
York basis. Spot oil was nominally unchanged around the 
15e. level, although scattered lots sold at points outside at 
some concessions. Buying interest in coconut oil was con- 
fined chiefly to spot and near by, in barrels, for which prices 
held steady in all quarters. Refined edible oil was held at 
123@12%c. per lb., cooperage basis. Ceylon style oil in bar- 
104c. asked, but this figure was not firm. 
for shipment from Manila was offered at 7ic., 
Coast basis, with buyers’ ideas holding at 7ic. per lb. Copra 
was unchanged at 5c. asked, N. Y., and 44c., nominal, Pacific 
Coast points. There were no sales reported. Crude domes- 
tic peanut oil held at 53@6c. per lb., buyers’ tanks, f.o.b. 
mills. The demand was quiet and prices were barely steady. 
Oriental oil was in limited supply on the Coast and the prices 
were purely nominal around 6@6jc. per Ib., sellers’ tanks. 
Deodorized oil in barrels held at 103c. per Ib., N. Y. Crude 
soya bean oil for prompt shipment held at 5&c. per lb., sel- 
lers’ tanks, Coast, with offerings reported light. Soya bean 
oil in barrels was unchanged here at 73@8c. per |b. 


rels closed at 


Loose oil 


The St. Louis Market 


' St. Louis, Mo., June 10, 1921. 
A careful survey of the drug market disclosed that the 
second-hand lots in hands of weak holders are practically 
absorbed, which tended to give the market a better and 
firmer tone. The fine chemical business has been fairly 
good, while a more quiet condition prevails in the heavy 
and industrial chemical lines. Consumers are still indis- 
pesed to place large orders and anticipate their require- 
ments. The commercial acids have improved considerably 


and orders of larger volume are being received. 
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The caustic sodu demand ntinues very weak, w 

big buyers adhering to the hand-to-mouth policy Pric 
range from $3.85@$4.50 per 100 Ib., bas (6 per cent 
according to quantity purchased. The seda ash market 
extremely dull with the prices still ranging at $2.90 
100 lb. and upward. Bicarbonat da heing offere 
in less than carlot quantities at $2.50 per 100 Ib., whicl 
figures less than the manufacturers’ cost f.o.b. worl piu 


freight. 


INDUSTRIAL CHEMICALS 


Sulphur continues to enjoy a fair demand with prices hol 


ing firm at $2 per 100 lb. for the commercial in bags. A? 


nia water continued along the lines reported and 


previously 
The carbon b 


The limited use 


some fair-sized orders are being placed. 
ide technical market is not active. 
to which this material is put 
market at this moment. 
at $19.50@$21 per ton. 
the past 
leaded 5 


very 


mitigate against an active 
Copperas has been slow and ruling 


The 
sulp/ ate 


zinc market has been very quiet 
ruling at 3ie. The oxide 
holding at &c., while the lead 
Soda hyposulphite is enjoying a fair busines 


week, with 


per cent Is ree 


ruling at 8{c. 
In a routine way. 


DRUGS AND PHARMACEUTICALS 


position lately. There 
is a limited demand for ace tphe netidin. The chloral hudrate 
business is normal with a regular demand. Bismuth prepa 
rations are fairly active, but should show a greater demand, 
as this is the season for bismuth salts. The bromides cor 
tinue to very small way due to the large lots 
being sent into this market by the foreign manufacturers 
There is a limited There 
has been a material salts, 
particularly the iron and ammonium citrate brown scales, 
which has been moving very briskly in the last 
two. 
orders of large volume are being filled. 
its own. Glycerophosphates are moving very well at fac 
tor’s schedule. The second-hand lots of that 
still disturbing this market tend to keep down an increase 
in business and manufacturers are getting only their rou- 
tine business. Manufacturers have reduced their prices on 
hard mercurials with a fair demand. A fair-sized business 
is reported and factors are in position to fill 
orders promptly. The demand for sodium benzoate is keep 
ing pace with the season, and manufacturers report a brisk 
movement. Now that prices on salicylates seem to be more 
firmly established, there has been a noticeable increase in 
the demand. Glycerine is being freely contracted for at 
164c. for six months with protection, and buyers are urged 
to take advantage of what is generally considered too low 
a price for this item. 


Acetanilid has shown a stronger 


move in a 


business transacted on caffeine. 


increase in business for scale 
week Oo! 
Cream of tartar is enjoying a very good demand and 
Ether is holding 


iodides are 


on saccha rine 


ACIDS 


Manufacturers report an improvement in the demand fon 
hydrochloric, nitric and sulphuric, commercial grades, which 
they attribute to the fact that many industrial plants are 
again in operation. Carbolic acid crystals has enjoyed a 
better demand recently. The demand for citric acid at this 
moment is practically nil, due to the unseasonable weather 
for soft drinks, but stocks should not be allowed to decreas« 
as the summer season is just beginning. Due to the resump- 
tion of aniline dye manufacture, there has been a notice 
able increase in the demand for gallic acid. The status of 
phosphoric acid sirupy is the same as citric, as the two com 
modities are allied in the manufacture of soft 
Salicylic acid is moving briskly and a sei 
product a larger volume of business is to be expected. 
market on tartaric acid has been firm and 
good demand. The tannic acid market is firm with a 
business. 


arinks., 
i sonable 
The 


commanding a 


being 


fair 


VEGETABLE OILS 


Linseed reached a maximum of 80c. and today holds at 
7&c. in cooperage from warehouse. The general impression 


of the trade is that even higher prices may prevail. Twur- 
pentine demand is routine with price at 6lc. unfirm. The 
price of 104c. for castor oil in drums continues very firm in 


spite of only a fair demand. 
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The Iron and Steel Market 
PITTSBURGH, 10, 1921. 
steel market in the past week has given a fresh ex- 
of the depth of dullness to which it can sink. 
Literally an order for 100 tons is now a large one for a 


June 
The 
hibition 


teel mill, and even carload orders are scarce. 


STEEL PRODUCTION 

The monthly report of the American Iron and Steel In- 
titute, steel ingot production in May, indicates 
that the month’s production was larger than had been esti- 
the close of the month, for the rate of out- 
was substantially the same as the rate in April, and 
indeed a The May average was, however, 
made up by a considerably higher rate than the average at 
the beginning of the month and a considerably lower rate 


showing 


mated, even at 
put 


shade heavier. 


at the close. An item in the same conneciion is that while 
the total output was about the same for the two months, 
the independents produced more in May than in April, 
while the Steel Corporation produced less. 


of steel which shade above 
}0 per cent of capacity in both April and May, is now ata 
rate of about 25 per cent, possibly somewhat less, and the 
present outlook, based on the extremely light buying and 
pecifying of the past few days, is that a rate of 20 per cent 
cr less will be reached before the end of June, making pro- 
duction at about 10,000,000 tons per annum, equal to the 


Production ingots, Was at a 


output in 1900, the year before the Steel Corporation was 
formed. 
In recent weeks the steel trade has endeavored to form 


a conception of what is “the minimum rate of consumption” 
of steel, assuming simply the condition of there being “hard 
or “a industrial Experience 
before the war showed that production never dropped below 
nbout 50 per of capacity, and it looked if there 
might be a The recent effort has been abandoned, it 
being made quite clear that the flow of steel from mills is 
not in relation to the severity of a business depression. The 
flow of steel could stop entirely and yet for a time the major 
part of the business of the country could he conducted, for 
the various users of steel could get along, to an extent, with 
what they had. 

It is seen now that there must be a liquidation of stocks 
all along the line, not simply of stocks of steel in the hands 
but of stocks of their finished 
the hands of the manufacturers or the 
distributors, and the public, the ultimate buyer, 
develop a desire to buy and accumulate an ability. 
The process is expected to be slow, but the low point for 
the flow of steel from mill is likely to be 


times” severe depressic gg 


cent as 


rule. 


of manufacturing consumers, 
wares, whether in 
general 
must 


many years in 


reached within a very few weeks. The probability is very 
trong that there will be an upturn in August, but it will 
be an upturn from such a low point that it will be gratify 
ng chiefly as showing a trend in the right direction. 
STEEL PRICES 
It is said that there is “an open market” in steel prod- 


term is not precisely defined. The attitude 
of is that they have no particular 
to maintain the prices lately in and will 


ts, though the 
’ the majority sellers 


nceentive force 


make concessions in price if thereby they can get orders 
that are worth while. The difficulty is that practically no 
busine offered There is reason to believe that the 
Steel Corporation will not do as it did last February and 
March, when it adhered to its regular prices despite cutting 


by all the independents This time it is likely 
the corporation will meet any widespread cutting by inde- 
pendent In wire products the corporation has already 
one this, and nails, plain wire and galvanized barb wire 


and 3.85e., $5 a 
yn below what are known as April prices. 
2.2 sold at 2e in small lots, though it 


20c.. | 
not known at this writing that the Steel Corporation has 


re quotable respectively at $3. 2 Tde. or 


Plates, former- 
at 


ave even 


met the figure. Shading in sheets is growing. 
Pic IRON 
Foundry pig iron at valley furnaces is off 5c. to $22.50. 
Basic, which was uncertain at $21.75, is now plainly quot- 


50, bessemer remaining at $23 
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CURRENT WHOLESALE PRICES IN NEW YORK MARKET 


Acetic anhydride Ib 

Acetone errr tse Te Ib 

\cid, acetic, 28 per cent.... 100 Ibs 
Acetic, 56 per cent 100 Ibs 


Acetic, glacial, 99} per cent, carboys, 


100 Ibs 
Borie, erystals....... Ib 
Horie, POW... ccesscess Ib 
oo EE eer Ib 
Ilydrochloric , . inca nent 100 Ib 
Hydrofluoric, 52 per cent. . . Ib 
Lactic, 44 per cent tech Ib 
Iuctic, 22 per cent tech Ib 
Molybdie, C. P Ib 


Muriatic, 20 deg (see hydrochloric) 


Nitrie, 40 deg Sees Ib 
Nitrie, 42 deg Ib 
Oxalic, erystals own nica Ib 
Phosphoric, Ortho, 50 per cent solution.Ib 
Pieric s ees ‘ owawe ) 
Pyrogallie, resublimed : Ib 
Sulphuric, 60 deg., tank ears.... ton 
Sulphurie, 60 deg., drums ton 
Sulphuric, 66 deg., tank eur ton 
Sulphurie, 66 deg., drums ton 
Sulphuric, 66 deg, enrbovs ton 


s ilphurie, fuming, 20 per cent (oleun) 
tank ears... ton 
Sulphuric, fuming, 20 per cent (oleun) 


drums ton 
Sulphuric, fuming, 20 per cent (oleum) 
carboys ton 
fannie, U.S. P wa . Ib 
annie (tech. ) ane ‘ Ib 
lartaric, erys tals oe eel I 
lungstie, per Ib. of WO..... Ib 
Alcohol, Iothyl. . gal 
Aleohol, Methyl (see methanol) 
Aleohol, denatured, 188 proof gal 
Alcohol, denatured, 190 proof. ‘ gual 
Alum, ammonia lump..... ib 
Alum, potash lump 2 : Ib 
Alum, chrome lump Ib 
Aluminum sulphate, conmmercial Ib 
Aluminum sulphate, iron free Ib 


Aqua amm onia, 26 deg., drums (7501b) Ib 

Ammonia, anhydrous, eyl. (100-150 1b.) tb 

Ammonium carbonate, powder Ib. 

Ammonium chloride, granular (white 
salamoni ne) ‘ ). 

Ammonium chloride, granular (gray sal- 
ammontine) ° 

Ammonium nitrate ; Ib 


Ammonium sulphate 100 Ib 
Amylacetate gul 
Amylacetate tech gal 


Arsenic oxide, (white arsenic) powdered Ib 
Arsenic, sulphide, powdered (red arsenic) Ib 


Barium chloride ton 
Barium dioxide (peroxide) Ib 
Barium nitrate Ib 
Barium sulphate (precip) Cblune fixe)..Tb 


hypochlorite) 
(see copper sulphate) 
sodium: borate) 

Brimstone (see sulphur, roll) 


Bleaching powder (see enk 
Blue vitrio 
Borax (see 


Bromine ° Ib 
Calcium acetate 100 Ibs 
‘aletum carbide . . Ib 
‘aleium chloride, fused, lunyp ton 


‘aletum chloride 
‘aletum = 


granulated 


alcium peroxide : Ib 
aleium phosphate, tribnasic Ib 
‘amphor Ib 


‘arbon bivulphide Ib 
arbon tetrachloride, drums Ib 
arbonyl chloride (phosgene) Ib 
‘austic potush(see potassium: hydroxide) 
‘austic sodn (see sodium: hydroxide) , 
‘hlorine, gas, liquid-eylinders( 100 1b). 1 
hloroform ne Os eos 

obalt oxide ° . Ib 
fopperas (sce iron sulphate) 


‘opper carbonate, green precipitate I 
‘opper evanide 5 eee Ib 
‘opper sulphate, crystals. ..... lh 


‘ream of tartar (see potassium bitartrate) 
psom salt (see magnesium sulphate) 


a Se. Se ss es ee ll 


thy] Acetate Com. 85¢ ant 
thy! Acetate pure (acetic ether 98° t 

100°7) Ib 
Formaldehyde, 40 per cent ib 
Fusel oil, ref s gal 
Fusel oil, crude gn! 


Glauber’s salt) (see sodiun sulpt nte) 


CGilveerine, ¢ Il’. clrumes extra... b 
lodine, res ublimied Ib 
Ir ’ oxul ret It 
Iron sul te (eopperns) 100 I 
Lead wetute it 
Lead arsenate pusie 
Lead nitrate It 
Litharge i 
Lithium ear bonnte lt 
Magnesium carbonate, technien! It 
Magnesium sulphate, U.S. 7 100 Ih 
Magnesium sulphate, technics! 100 It 
Methanol, 95° ’ gal 
Methanol, 97° gal 
Nickel salt, double Ib 
Nickel salt, single Ik 
Phosgene (see carbonyl! chloride) 
Phosphorus, red lb 
Phosphorus, vellow Ib 
Potassium bichromate. Ib. 


ypochtorite (bleach'g powder) L00Ib 


$0 
2 
4 
9 


— 


60 


24 


~ 


07:- 


00 - 


064- 


08 - 


20 - 


05 


‘arlots 


$0 


N 


25 


w 


05: 


46 


_ 


— 


meen 


63 


26 


~-N 


w 


06 - 


$0 


~ 


Less ¢ ‘arlots 
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Carlots Less Carlots 
Potassium bitartrate (cream of tartar) Ib © occ * Mein $0 31 -$0 32 Para-dichlorbenzene ‘ 
Potassium bromide, granular Ib - 16 25 Paranitroaniline.............. tb 15 20 
Potassium carbonate, U. 8. P Ib 35 40 45 50 Para-nitro cadiers ; ib 8) 1.00 
Potassium carbonate, 80-85°; Ib 06 06 06 07 Para-phenylenediamine Ib o> 79 
Pctassium chlorate, crystals 1k 08! 10 10 14 Pore-toluitine Ib ! 80 2 00 
Porassium cyanide Ib 26 28 Phthalic anhydride Ib 1.25 1 40 
Potassium hydroxide (caustic p tash) Ib 05 05 053- 08 Phenol, U. 8° P.. drums Ib 0 60 
Potassium muriate, 86°, K.C ton 50.00 - 53.00 . Pyridine . Ib. . I 13 
Potassium iodide... Ib 275 3 00 Resoremol, technical ie rs 00 >. 30 
Potassium nitrate ; It 09) 09 10 123 Resorcinol, pure ; - : az 1.85 
Potassium permanganate Ib 3] 32 33 34 Salicvlie acid, oaks tn tiie It 2 25 2 30 
Potassium prussiate, red It 35 37 38 40) Salicylic acid, U.S. P Ib 21 22 
Potassium prussiate, yellow It 24 24) 25 26 Salo Ib 24 24 
Potassium sulphate (powdered) per uni 159 - 1.75 Solvent naphtha, water-white, in drums, 100g: D. +4 85 
Rochelle salts (see sodium potas tartrate) - . Solvent naphtha, crude, heavy, in drums 100 w: al 1 ‘ 
Salammoniac (see ammonium chloride) Sulphanilie acid, erude ; , -™ i, . 16 
He aap (see sodium carbonate) Tolidine , ibs _ 29 ' 2 
Salt cake. . : ton 32 00 -33 00 Toluidine, mixe ee + 
Silver cyanide o 1:35 - 0.38 Toluene, fa tank cara _ 25 45 
Soda. ach, light 100 Ib. 225-230 2 10-2 +5 Xvlidine oo . zi 28 1 
- . ’ . , &.é2 é.3 é ge dines, drums, 10 ga iT 40 e 
Soda ash, dense 100 th 2.45 2 50 2. €0 275 Xylene, pr 45 
Sodium acetate Ib 04 04) C5 0 Xyle ne, ‘ aon = —— ve ga 40 45 
Sodium bicarbonate : 1600 Ib 2.25 2 40 2 50 235 Xylene : eae reial, in dr s, 100g pain 7 é 
Sodium bichromate Ib 08 08 69 10 Xylene, commercial, in ts y : ” = 33 35 
Sodium bisulphate (nitre cake) ton 5 00 5 25 5 50 6 50 , a - 30 
Sodium bisulphite powdered, U.S.P It 05} 05} 05: 06 
Sodium borate (borax) ' ib 06! 96; 07 07} Waxes 
Sodium carbonate (sal sods) ; 100 Ib 1.90 2 00 2 10 2 40 wai 
Sodium chl rate : : lt 67) 67} 08 08 Prices based on original packages in large quantities 
Sodium cyanide : Ib 22 24 25 30 Beeswax, refined, dark 1h . 
Sodium fluoride 12 12 13 14 Beeswax, refined, light It a oe 
Sodium hydroxide (caustic soda). 100 Ib 400 - 4.05 4.10 —- 4.50 Beeswax, white pure Ik 42 ry 
Sodium hyposulphite , | 03 033 Carnauba, }lura, 1 42 45 
Sodium nitr:. te . 100 Ih 2.90 3.00 Carnauba, No. 2, North Country It 7 4 
a a a . a 07} 08 08} 10 Carnauba, No. 3, North Country i = ; 
Sodium peroxide, powderec b 25 26 27 30 Japan.... ; 
ae phosphate, dibasic Ib 04} 04; 05 05} + mall crude. “4 be an 
Sodium potassium tartrate (Rochelle salts) Ib 26 27 ars axes oithied F 7 od 
Sodium emer ate, yellow Ib 12} 12} 12} 13 I — waxes, crude match wax (white) 105-110 
Sodium silicate, solution (40 deg ) It 1.25 1.3 1.40 1 50 Paraffine waxes, crude, seale 124-12¢ ib oat _ 
Sodium silicate, solution (60 deg.) It 02, 03 03; 03} Paraffine waxes, refined 118 120. a oat 
Sodium sulphate,crystals(Glauber’s salt) 100 Ibs 1 50 175 2.00 2 25 Paraffine waxes, refined. 125 oe ied I 34 U5) 
Sodium sulphide,fi sed,60-62 per cent(conc.) Ib 05 05; 06 06 Paraffine waxes, refined, 128. 130 n ) i + tHe 
Sodium sulphite, crystals Ib 03; 04 04) 04} Paraffine waxes, refined. 133- 135 m P ih ey > 
Strontium nitrate, powdered Ib 15 15 16 17 Paraffine waxes, refined. 135-1 37 ms P Ik 2 + 03; 
Sulphur ch! ride, red Ib 07 07} 07) 08 Stearic acid, single pressed ' ] of - 
Sulphur, crude - ton 20 00 -22 00 Stearic acid, double pressed I 10 
Sulphur dioxide, liquid, cylinders extra Ib 08 08} 09 10 Stearic acid. triple pressed 10 
Sulphur (sublimed), flour 100 Ib 2°25 - 3.10 : . Ib i ar 
oon, ve 1] (brimstone) 100 Ib 2 00 2.75 
in bichloride, 50 per cent Ib 18 19 N , ] S 
Tin oxide Ib 40 42 Naval Stores 
Zine carbonate, precipitate ) 6 ® 9 20 , 
Zinc eer te, pr pitat iz > 1 | | 2 ; = prices are f.o.b. New York unless otherwise tated, and are based on 
Sine eyanide............ cere = 45 49° 50° 60 ear oad lots. The oils in 50-gal. bbls., gross weight, 500 Il 
Zine dust cate Ib 12 13 13 14 Rosin B-D, bbl 280 Ib $5 10 
Zine oxide, XX........... Tb 09 09} 09) 10 Rosin hI 280 Ib 5 80 6 00 
PGI o:dawctncdeswavs 100 Ib 2.90 - 3.00 3.25 - 3.75 Rosin K-N 280 Ib 6 50 6 70 
Rosin W. G.-W. W 280 Ib 6 8&0 : 
Wood rosin, bb! 280 Ib 6 25 
Spirits of turpentine zi 62 
Coal-Tar Produets Wood turpentine, steam dist = on 
NOTE—The following prices are for original packages in large quantities hn ny Ses anpentinn, cent. int gal 8 
pe ei pitch, bbl 200 Ib 6 75 
Alpha-naphthol, crude Ib ¢1_10 $1.15 ar, kiln burned, bbl. (500 Ib.) bbl 11.50 
Alpha-naphthol, refined Ik 1.25 1.30 Retort tar, bbl 500 Ib 11.50 
Alpha-naphthylamine... Ib 35 40 Rosin oil, first run gu! de 
Aniline oi], drums extra Ib 20 27 Rosin oil, second run ga 38 
Aniline salts "Tb 26 29 Rosin oil, third run gal 43 
Anthracene, 80°; in drums (100 Ib.) Ib 75 1.00 Pine oil, steam dist., sp.gr., 0.930-0.940 : gal $1 80 
Benzaldehyde U.s.P. Ib 1.50 Pine oil, pure, dest. dist , gal 1 50 
Benzidine, base. ...... nae Ib 85 1 00 Pine tar oil, ref., sp.gr. 1.025-1.035 gal 46 
Benzidine sulphate Ai : Ib 75 85 I ine tar oil, crude, sp.gr.1.025-1.035 tank cars f. 6 b. Jacksonville, 
Benzoic acid, U.S.P. , Ib 60 65 7” Fla . ahinn. oe gal 35 
Bensoate of soda, U.SP... Ib 65 70 Pine tar oil, double ref., sp.gr. 0.965-0.990 wee gu 75 
Benzene, pure, water-white, in drums (100 gal.) gal 27 32 Pine tar, ref., thin, sp.gr., 1.080-1.960 paw. « ran 35 
Benzene, 90°, in drums (100 gal.). .. gal 25 28 lurpentine, crude, sp. gr., 0.900-0.970 ae gal 1.20 
Benzyl chloride, 95-97", refined. .. lb 28 30 Hardwood oil, f.o.b. Mich., sp.gr, 0.960-0.990...... gal 35 
Benzyl chloride, tech. ......... ‘ ib 20 25 Pinewood creosote, ref gal 52 
—— -naphthol benzoate Saale ack ; Ib 3.50 4.00 
3eta-naphthol, sublimed ...... ‘ ‘ Ib 70 75 N , . 
— annhinal, tech ... ‘ lb 38 40 Soly ents 
— sae ye sublimed. >» = 2.00 2.25 : ee " ; 
Cresol, U.S. P., in drums (100 Ib.) Ib 16 . Poo ee oS: gal $0.41 
Ortho-cresol, in drums (100 Ib.) Ib 25 27 68-70 —- ee ee tee ane gal 39 
“as - ; 1 ) Gee., steel bible. (G5 Ib.) . 0... 2c ccccccs al 38 
Cresylic acid, 97-99%; , straw color, in drums gal 70 80 iT tf. acd © aniithe, coal thin. con) gu 
Cresylie acid, 35-97, dark, in drums gal 65 70 SS: ee ee ee ne gal 30 
" venytic acid, we first ay, drums gal 45 50 
Jichlorbenzene. rere , lb . 06 09 
sae Se ne EE NE ee ; Ib 1.20 1.25 Crude Rubber 
imethylaniline.............. ne : Ib 4) 50 — a , 
ai ledienaim. Sani emenas . lb 32 35 ' are—t a 900 pont sei Wrae : “ $0 ho 3 = 
oe em 9 a Fremaaciee ‘ Ib 20 30 Upriver caucho ball... ib 11} 12° 
initronaphthalene............ Ib 30 40 Plantation —Firet latex ¢ i} 153 
Dinitrophenol............. Ib 35 40 emg Rt me me - - 
Dinitrotoluene. Ib 27 3() tibbed smoked sheets ekenenes-cel a 14 14) 
é ° Brown crepe, thin, clean ‘ Ib 15 
> 2% car lots, in drums gal 40 45 Amber crepe No. Gana Apia aegeres _ 17 
phenylamine. ? lb 60 ey De Ee ees pais ee Ee . 
- err ‘ — B-. 1.35 
Meta-phenylenediamine Ib 1.15 1.20 Oils 
+ eer een : . a 12 14 US 
onoethylaniline : lb 1.75 — 1.85 "-RGOETAR 
Naphthalene crushed, in bbls ‘ Ib .07;— 08; i ar . VEGE TAREE ; 
Naphthalene, flake. .... i ‘07;— 08) The following prices are f.o.b. New York for carload lots 
Naphthalene, balls lb 08};— 09} Castor oil, No. 3, in bbls Ib $0 08) $0 09 
Naphthionie acid, crude . Ib 70 — 75 Castor oil, AA, in bbls Ib 10 - 104 
Nitrobenzene....... oi .. Ib 12 - 15 China wood oil, in bbls. (f.0.b. Pac. coast) lb 1 owe 
Nitro-naphthalene. ... . ; lb 36 - 35 Cocoanut oil, Ceylon grade, in bbls Ib 10} — 103 
Nitro-toluene. .... 2 laa Ib 16 - 18 Cocoanut oil, Cochin grade, in bbls lb i= 113 
Ortho-amidophenol . amen eae ers 3.10— 3.20 Corn oil, crude, in bbls It 07? 08 
Ortho-dichlor-benzene....... oa Ib. 1 - 20 Cottonseed oil, crude (f. 0. b. mill) Ib 05? - 05} 
Ortho-nitro-phenol..... Ib 80 - 85 Cottonseed oil, summer yellow Ib 07, — 08 
Ortho-nitro-toluene..... Ib 5 — 20 Cottonseed oil, wi ter yellow Ik oe — 
Ortho-toluidine..... sauce Ib 20 — 25 Linseed oil, raw, car lots (domestic) gal 76 
Para-amidophenol, base. "0 Ib. 150— 1.60 Linseed oil, raw, tank cars (domestic) gal 70 — 
Linseed oil, in 5-bb! lots (domestte) gal 79 


Para-amidophenol, HC)... ; ic 1.75 - 1.80 








L082 
) T) at i gn 
‘ £0 b 
Pal ge by 
Peanut " fob i Ib 
Peanut o i b 
Rupeseed ga 
Ra ‘ | ' 1 ga 
‘ a be ‘ ind), in bblIs. N. ¥ t 
Soya bea ‘ f.o.b., Pacifie coast ib 
FISH 
Light pre gal 
Yellow bleached nucle ° ga 
White bleached me ulet gal 
Blown menhade . gal 


Miscellaneous Materials 


$! 40 


$0 


All f.0.b. New York Unless ()therwise Stated 

Rarvte ground, white, f.o.b. Kings Creek, S. ¢ et to 
Barytes, ground, off color, f.o.b. Kings Creeb net to 
Barytes, crude, 88°.(¢ 94°) ba., Kings Creel net tor 
tarytes, floated, f.o.b. St. Louis net to 
Barytes, crude, first grade, Missouri net ton 
Blane fixe, dry Ib 

Bla fixe, pulp net ton 
Casem Ib 

( ha domestic, extra light Ib 

( il domestic, light lb 

{ a! domesti he \ Ib 
Chalk, bong extra light lb 
Chalk, bngh lig Ib 
Chalk, b:nglish, dense Ib 
China clay (kaolin) crude, f.ob. mines, Georgia net ton 
(‘hina ay (kaolin) washed, f.o.b. Georgia net ton 
(‘hina av (kaolin) powdered fob. Georgia net ton 
China clay (kaolin) erudef.ob. Virgima pomt net ton 
(hina iv (kaolin) pg fob. Virgima poimts net ton 
(hina cjay (kaolin), imported, lump net ton 
(hina clay (kaoh imported, powdered net ton 
Feldspar rude, f.o.b. Maryland and North Caro- 


ina points gross ton 

Feldspar, crude, f.o.b. Maine net ton 
Feldspar, ground, f.o.b. Maine net ton 
Feldspar, ground, f.o.b. North ¢ ina net ton 
Feldspar, ground, fo.b. N.Y. State net ton 
Feld«pa ground, f.o.b. Baltimore net ton 
Fuller rth, f.o.b. Mine net ton 
lullers th, granul fob. ! net ton 
Fullers earth, powdered fob. Fla net ton 
Pullers earth, unported, powdered net ton 
Graphite, Ceylon lump, first quality Ib. 
CGiraphite, Ceylon chip . Ib. 
Ciraphite, high grade amorphcus eruce Ib. 
Pumice stone, imported, lump Ib. 
Pumice stone, domestic lump Ib. 
Pumice stone, ground Ib 
Qluartz (acid tower) first to head, f.o.b. Baltimore... net ton 
(Juartz (acid tower) I} ? in., fob. Baltimore net ton 
huartz (acid tower) rice, f.ob. Baltimore net ton 
Quartz, lump, f.o.b. North Carolina net ton 
Shellac, orange hne >. 
Shellac, orange uperfine . Ib. 
Shellac, A. ¢ garnet Ib. 
Shellac, T. N Ib. 
Soapstone ton 
Sodium chloride long ton 
lale, paper-making grades, f.o.b. Vermont ton 
lale, rooting grades, fob. Vermont ton 
Tale, rubber grades, f.o.b. Vermont ton 

Tale, powdered, Southern, f.o.b. cars ton 
Tale, unmported ton 
Tale, California taleum powder grade ton 


Refractories 


Bauxite brick, 56% Al, f.o.b. Pittsburgh oegeeees 
: , a less than car! 
wy brick, 9-in, eastond lots 


Chrome brick, f.o.b. Eastern | aca points 
cement, 40-45% Cro 


Carborundum refrac 


(Chrome 


Chrome cement, 40 45% Cc Os, sacks, in car lots, f.o.b 
astern shipping points 
Fireclay brick, Ist quality, 9-in. shapes, f.o b. Pennsyl- 
vania, Ohio and Kentucky works 
Fireclay brick, 2nd quality, 9-in. shapes, f.o.b. Pennsyl- 
iunia, Ohio and Kentucky works 
Magnesite brick, 9-in. straight 
Magnesite brick, 9in. arches, wedges and keys 
Magnesite brick, soaps and splits 
Silica brick, 9-in. sizes, f.o.b. Chicago district 
Silica brick, 9-in. sizes, f.o.b. Birmingham district 
Siliea brick, 9-in. sizes, f.0.b. Mt. Union, Pa 
ml 
Ferro-Alloys 
All f.o.b. Works 
Ferro-titanium, 15-18), f.o.b. Niagara Falls, 
N. ¥ net ton 
Ferrochrome per Ib. of Cr. contained, 6-8 
irbon, carlots Ib 
Ferrochrome, per Ib. of Cr. contained, 4-6 
carbon, carlots lb 
Ferromanganese, 76-80% Mn, domestic gross ton 
Ferromanganese, 76-80° Mn, English gross ton 
Spiegeleisen, 18-22 Mn 


gross ton 
Ib 


Ferromoly ybde num, 50-60°; ‘Mo, per Ib. of Mo 
Ferrosilicon, 10- gross ton 
Ferrosilicon, 50 : gross ton 
Ferroalicon, 75 gross ton 
Ferrotungsten, 70-80 ser 'h. of contained VW Ib 
Ferrouranium, 35-50°; of U, per Ib. of | mtent Ib 
Ferrovanadium, 30-40°, per |b. of cont sined \ Ib 


"5.00 


per ton $35 00 


1,000 
1,000 


net tor 


net to 
net to 
1,000 


1,000 
net to 


1 
n 


n 


n 


net ton 
net ton 


1,000 
1,000 
1,000 


$200 


50.00 
1250.00 
1100.00 


75- 90 
45- 50 
55 
40- 50 
40 90 
90 
100 
110 
45- 55 
45- 55 
45- 55 
$225.00 
16 
17 
80.00 
80.00 
32.00 
50 00 
80 00 
145 00 
50 
6.50 
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Ores and Semi-finished Products 


All f.0.b. New York, 


Bauxite, 52°; 


Al content ... . gross ton 
Chrome ore, Calif concentrates, 50°% min. 

Cro) cinebenh oan eeastavet . unit 
Chrome ore, 50% Cres, f.o.b. Atlantic sea- 

bi oard pdeeuatsadibeceeese unit 
Coke, foundry, SS rs net ton 
Coke, furnace, tee ovens. . net ton 
Coke, petroleum, refinery, Atlantic seaboard net ton 
Fluorspar, lump, f.o.b. mines, New Mexico . net ton 
Fluorspar, standard, domestic washed gravel 

Kentucky and Illinois mines net con 
Ilmenite, 52% TiOe, per lb. ore Ib 
Manganese ore, 50°, Mn, c.i.f. Atlantic seaport unit 
Manganese ore, chemical (Mn¢ do) gross ton 
Molybdenite, 85° Mos, per Ib. of Moe, N.Y Ib 
Monazite, per unit of ThOs, c.i.f., Atlantic seaport. unit 
Pyrites, Spanish, fines, c if., Atlantic seaport unit 
Pyrites, Spanish, furnace size, c.i.f. Atlantic sea- 

DONG. tc nwvineoden seen ease unit 
Pyrites, dome stic, ‘fine *s, f.0.b. mines, Ga unit 
Rutile, '95¢ © TiQe per lb. ore. . . . 
Tungsten, scheelite, 60° WOs3 and over, per unit 

of WO 3 (nominal) aeead ote eee 
Tungsten, Wolframite, 60° WO 3 and over, per 

unit of WOs, N. Y.C unit 
Uranium ore (carnotite) per Ib. of U 0s Ib 
Uranium oxide, 96°) per lb. contained U0. Ib 
Vanadium pentoxide, 9% Ib 
Vanadium ore, per lb. of V20s5 contained. Ib. 
Zircon, washed. | ee Ib 


Non-Ferrous Metals 
New York Markets 


Copper, electrolytic... .. 
Aluminum, 98 to 99 per ce nt. 
Antimony, 
Nickel, ordin: ary (ingot) 
Nickel, electrolytic 

Monel metal, sp >t and blueks 
Monel meal ingots 

M: ~~ mets al, sheet bars 

Tin, 5-ton lots, Straits 

Lead, New York, spot i 
Lead, E.. St. Louis, spot. 
Zine, spot, New York 

Zine, spot, E. St. Louis. 


Silver (commercial) ......... 
Cadmium a 
Bismuth (500 Ib. lots) 
Cc obalt 

Magnesium (f.0.b. Philadelphia) 
Platinum F 
Iridium 
Palladium... 
Mercury 


wholesale lots, Chinese and Japane se 


FINISHED METAL PRODUCTS 


Copper sheets, hot rolled... .... 
Copper bottoms iin 
Copper rods 

High brass wire 

High brass rods 

Low brass wire 

Low brass rods 

Brazed brass tubing 

Brazed bronze tubing 
Seamless copper tubing 
Seamless high brass tubing 


Unless Otherwise Stated 


$8 00 — $10 00 
455— 50 
45 — 50 

4 00 4 50 
3 25 3 75 

15.00 16 00 

15.00 — 

20.00 — 22.50 
O1;— Or 
25—. ‘2 

60.00 — 65.00 
55 — 60 

30.00 — 

14 14 
4— 14 
12 — 13 
5 — 
2.75 — 3 00 
3.00 — 3.25 
1.50 — 2 50 
2.25 — 2 50 
12.00 — 14.00 
1.50 — 
03 — 
Cents per Lb 
13 00-!3 25 
28 0 6 28 5 
41 bo 
44.00 
35.00 
38 00 
40 00 
29.50 
4.50-4 75 
4 50 
oe 4 85 
445 
$0.58 
1.00-1 25 
1.50@1.55 
4.00 
1.25 
00 


75 
250 00@275 00 
00 
46 00-47 00 


Warehouse Price 
Cents per Lb 
20 50-20 75 

28 00-28 25 

19 25 20.00 


OLD METALS—The following are the dealers’ purchasing prices in cents per 


pound 


Copper, heavy and crucible 
Copper, heavy and wire 
Copper, light and bottoms 
Lead, heavy 

Lead, tea 

Brass, heavy 

Brass, light 

No. | yellow brass turnings 
Zinc. . 


New York 


Current Cleveland Chicago 
9 25@ 9 50 9 25 9 50 
8 25@ 8 50 8.50 8 50 
7 25@ 775 7.50 7.25 
3. 25@ 3 50 3.25 3 75 
2 25@ 2 35 2.25 o.ae 
4.25@ 4 50 4 50 5.00 
3.25@ 3 50 3.25 3 50 
4 25@ 4 50 4.25 4 50 
2.00 2.50 2.00 2.25 


Structural Material 


The following base prices per 100 Ib. aref or structural shapes 3 in. by } in 


and 


arger and plates } in @nd heavier, from jobbers’ warehouses in the cities named 


Structural shapes. . . 
Soft steel bars 7 
Soft steel bar shapes. 
Soft steel bands 
Plates, } to | in. thick 
*Add 5e per 100 lb. for trucking to Jersey City and 100 for delivery in New 
York and Brooklyn 


New York 


Cleveland 


Chicago 


$2.60 $3 23 $3 23 
2.50 3.00 3 13 
2.50 13 3.13 
2 85 3 83 3 78 
2.50 3.30 3 23 
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windshields. The new plant will cost about 


$75,000. Charles H. Harris is president. 
Florida 

LAKE WORTH—The Florida Sugar & 
Food Products Co., 110 South Dearborn St., 
Chicago, IL, F. E. Bryant, president and 
manager, is perfecting plans for the erec- 
tion of its proposed new sugar mill in the 
vicinity of Lake Worth to be 100x200 ft., 
with equipment to provide for an_ initial 
daily capacity of 500 tons of cane, sugar 
N. K. Williams, Canal Point, Fla., is con- 
struction engineer for the project 


Illinois 


CHICAGO The By-Products Coke Corp 


332 South Michigan Ave., has arranged for 
a bond issue of $4,000,000 for operations, 
financing, et H. H. S. Handy is president. 


BLOOMINGTON The Illinois Oakoal 
Corp., Bryant Bldg., Kansas City, Mo., has 
awarded a contract to the Frank P. Me- 
Clure Construction Co., Kansas City, for 
the erection of its proposed new plant at 
Bloomington, estimated to cost about $100,- 


00 with equipment 

CHICAGO—William J. Korber & Co., 413 
North Carpenter St., operating a general 
iron works, have taken construction bids 
for a l-story addition, 50x110 ft., on Cali- 


cost about $12,000 William 


he ad 
Indiana 


The Indiana Oil 

Co. has awarded a contract to the 
Corporation, East Chicago, Ind., 

erection of its proposed new local oil refin- 
ery, consisting of a first plant unit, esti- 
mated to cost about $120,009. It is proposed 
to have the plant ready for operation in 
the fall 


fornia St., to 
J. Korber is 


COLUMBUS-— Refining 
Graver 


for the 








* = ES ——————_—_—————— =———y 
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Financial, Construction and Manufacturers’ News 
= = = GTU= = 
C t ti d SOUTH BEND—The Odell Rubber Co 
ons ruc 10n an recently organized with a « ipital of $50,000 
. is planning for the erection of a new plant 
Operation for the manufacture of automobile tires 
it Paducah, Ky 
California _TERRE H \UTE—The American Car & 
-ESNO—TI aa ; Foundry Co. has plans under way for the 
. I RE: i Fresno Tire & Rubber rebuilding of the section of its local plant 
Co., has warded a contract to the Unit recently destroyed by fire with loss of about 
Construction Co., Phelan Bldg., San Fran- $150,000, including equipment 
cisco, for the erection of a 3-storv automo 
bile tire ind rubber goods manufacturing 4 Lac 
plant at Tehama and Belmont Aves., to i _ Kansas 
cost about $200,000 with machinery S.H : WICHITA The Wichita Dehydratior 
Christian, sales manager, is in charge. Co., ~ oy Bank Bldg., has broken 
. ——, or ’ . . groun for the erection of i new L-storys 
S tL AME ie vite ates Ele« 
tric ge pad tr “ I in 1 Stat I: El , and basement deyhdration plant, with ini 
fo tl i t . ft $- ~ 's f » NnNINng tink] capacity of about 50 tons pet day, 
= ; ” apo on oO ; ey Pp sige at 7 a estimated to cost about $50,000 with equip 
eS a ee ae Fy tract of ment. T. C. Naylor, 311 Beacon Bldg., is 
— = - eee ccording to a state the contractor. J. H. Elem is president 
ment fro officials of the Chamber of 
Commeres Vallejo, Cal, the company is 4 rer 
planning for the erection of a branch plant Kentucky 
om the “allejo waterfront Headquarters SCOTTSVILLE The Massey Refining 
of the company are at San Francisco; it i Co. is planning for the erection of a new 
capitalized at $50,000,000 The Electrics oil refinery, with initial capacity of about 
Furnace Construction Co., 998 Chestnut St... 500 bbl. per day S. H. Massey and lL. R 
Philadelphi Pa., is interested in the proj McKee head the company 
ect. and w indle the electric furnace in 
stallations the plants It is said that « r 
the main Sacramento works will cost about Maryland 
$5,000,000. _ BALTIMORE The Virginia - Carolina 
SAN MATEO—The Illinois-Pacific Glass Chemical Co., 11 South Twelfth St.. Rich 
Co., Fifteenth and Folsom Sts., San Fran mond, Va., is considering the construction 
cisco. is negotiating with the Chamber of ©! 3, new fertilizer manufacturing plant at 
Commerce, San Mateo, for a suitable sit Baltimore, with main building 100x200 ft 
for the erection of a new local plant for the eog 7 = of $2,500,000 
manufacture of glass products. : ee, oa nn ens 
2 : BALTIMORE—The Holtite Mfg. Co., 919 
Connecticut ogg 3 ow St »h is tar ag . contract 
—— apts no : oo ‘ oO t , Mason, 308 es adison St., 
E = 5 bye RY des Scovill — a for the erection of its proposed new local 
‘ i. Main > : a eg of brass prod- plant, 50x142 ft., for the manufacture of 
1. " ; 'b a og - —_ lan the See ee a rubber specialties, estimated to cost ibout 
- > ; ~ s Pane iddition, 49 x 96 ft., to $58,090, and of which amount approximately 
— —— $30,000 will be used for equipment Albert 
WINDSOR The \pothecaries Hall Co., \. Esterson is secretary and treasurer 
24 Benedict St., has awarded a contract to 17 >. , ore * 
} : . ; . . : . CUMBERLAND » Quer ( 4 
the Clark Construction Co., 168 Grand St. ¢ Tile Co. ~ Rag on Rg ~~ 
Wat rbury, Conn., for the erection of a new provements in its plant for increased pro- 
l-story fertilizer manufacturing and mix- duction The company recently increased 
ing plant, 64 x 140 ft., to cost about $27,- its capital from $100,000 to $200,000. Henry 
000. William Stall is head J Glick is president 
NORM \LK Charles _H Harris, Ine., BALTIMORE—The American Sugar Re- 
136 West 24th St., New York, has awarded fining Co.. 117 Wall St.. New York. N. ¥ 
We ‘er ‘ae Pay minage ge ge Mila has filed plans for the main refinery unit 
~™ Som * OF tne Cre , > ~ - at its new loc: ant ; Wood: F Clem- 
story plant on Main St., 100 x 200 ft., for aa ie om Ag oF gonies i ——_ 
the manufacture of glass for automobile & Web ter, 120 ac Yor} aan th 
« SU . - , * vt a) A, lo ti 


building contract. 


Massachusetts 


BROCK TON— George Baker & Sons, In« 
103 jelmont St., manufacturer of nails, 
studs, staples, ete., will occupy the new 
1- and 2-story plant, 83x223 ft., to be 
erected by the Baker Realty Co., an affil- 
tated organization, on North Monticello St 


It will cost about $75,000 George Howard 


& Sons, Inc., 633 Warren St., is the con- 
tractor. 
Michigan 
MONROE The River taisin Paper Co 
has placed the first unit of its new local 


plant in operation, consisting of a 
section 60 to 80 ft. x 720 ft., with capacity 
of about 60 tons per day. The new unit 
will be used primarily for the manufacture 
of corrugated strawboard. The entire plant 


building 


of the company as now designed will de- 
velop an output of about 700,000 Ib. of 
stock per day, and will give employment 


to approximately 1,500 operatives 


Missouri 


CHILLICOTH E—The Moonshine Mfg. Co 
has preliminary plans under way for the 
erection of a new plant for the manufactur+ 


of lubricants, cleaners, et« 
SELIGMAN The Silver Lake Mining Co 
is planning for the installation of new 
mining machinery and operating equipment 
at its local silver mines \ large new 
acreage will be developed. T. R. Gilliam 
is vice-president. 
KANSAS CITY \ 


W. Estabrook, 729 


Holmes St., has construction under way on 
a new chemical laboratory, 2-story and 
basement, 40x60 ft., estimated to cost about 


$15,000 
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ST LOUIS r \I m * 
Work 1501 South Ss ma st I 
to be planning for t rebuildir 
portior f its plant, recent! lest 
fire, with loss estimated at $50.00 \ 
(>. Whittaker is secretar 

LEREDS—The National Lumber & ¢ 
oting Co Houston, Tex i planning 
the establishment of a new 

it Leeds With annual ipacit 
10.000,000 ft. of mater l 

KANSAS CITY The 
& Iron Works is planning for the rebuild 
ing of the portior of it 
destroved by fire with lo 


Sy ooe 


New Jersey 


John Campbell & Co N 
manufacturer if bookbind 
ither, et have filed plar 
ind improvement n tl ! 
cost ibout S1o.000 


New York 

NEW YORK—The Pierce 

Broad St., is planning 

$12,000,000, the proceed to be u { 

expansion, refiners 
et 


NEWARK 
York \ve 
materials, le 
extensions 
finery to 


North Carolina 


WILMINGTON—The = She d ‘ 
reported to be planning for th 
building of the portion of its plant recent 
destroved by fire E. |. Dickinsor 


Oklahoma 


BEGGS—The Taylor 
mulgee, Okla., is planning for 
of a new two-unit) compre 
plant in the > 


peat 
(Co is 


Oil & Ga (‘o Ok 
the ere 
ssion gn 
Vicinity of Beggs 


ARDMORE—The Cameron Refining Co 
has commenced enlargements at its plant 
to increase the capacity from 3,000 to 4,000 
bbl. per day 

BARTLESVILLE—The Chamber of Com 
merece, E. L. George, secretary, is develop 
ing plans for the establishment of a new 
local plant for the manufactur of auto 
mobile tires and rubber goods 

Pennsylvania 

BUTLER—The Valvoline Oil Co. is plar 
ning for the rebuilding of its local work 
destroyed by fire May 29, with loss esti 
mated at about $400,000, including equip 
ment and stock 


PHILADELPHIA McDowell, 


Samuel 


1215 Filbert St., manufacturer of chemical 
has taken title to a plant building at Girard 
Ave. and 59th St on site 178x223 ft to 
be used in connection with local operatior 
The structure was used formerly b the 
Providence Worsted Mills 
Tennessee 
CHATTANOOGA—The Ocoee Copper Co 


is planning for the erection of a new flota 
tion plant in the vicinity of Ducktowr 
Tenn., with initial capacity of about 300 
tons per day, and estimated to cost about 
SLO0 000 P RB Carter is secretary ind 
treasuret! 


Texas 


RETHANY—J. B. Haynes, Houston, Tex 


and associates are organizing a companys 
to construct a large plant in the vicinity 
of Bethany for the manufacture of carbon 
black It is proposed to utilize natural gus 
from the oil wells in this district for the 
new works, and application for permission 


to carry out the plans has been made to the 
State Railroad Commission 


TEMPLE—tThe T. S. Huddleston Mining 
Co., Belton, Tex., is planning for the estab 
lishment of a new works in the vicinits 
of Temple for the production of fullers 
earth. The company has extensive deposit 
in this section 

Virginia 

WINCHESTER The Cornwall L.irne 
Marl Co., Romney, W. Va., has plans under 
way for the erection of a new plant for 
lime production in the vicinity of Winches 

ibout 125 toys 


ter, with initial capacity of 
of material per day Tt company will 
develop extensive lime n deposits in thi 
district John J. Cornwall is president 


Wisconsin 
SOUTH MILWAUKEE The Bucyrus 
Co., manufacturer of excavating machinery 
is taking bids for the erection of a new 1 





story addition to its iron foundry, 66x220 ft 
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Capital Increases, Etc. 
r ALUMINUM CHEMICAL Co 


filed notice of 


0.000 to 


Chicage 

increase n capital 

$200,000 

1AMPLAI PueLte & Pape 
a filed 


(“ORI 
notice of 


INSECTICIDE Co 27 
City, has filed notic« 
from $10,000 to $150.- 


FoUuNDRY Co 
manufacturer 
filed notice of 
$5,000 to $100,000 


ting ote has 
in capital from 
RoWELI Qo MILLS Co., 
mnufacturer of cottonseed 
of increase in « 


oils, 
ipital from 
rick Co., 280 Madi 
City, with brick manu 
irmingdale, L. I has 
filed notice o se in capital to $800, 


ooo 

Tri Lvs i “hk Co 61 Bway, 
New York Cit chedules in bank 
rupte with stated as $184,458, 
and asset is 
r ROOSEVELT 
19 Smith St 
d notice of di 
Tet AMERIK . SILICA 
Indianapolis, Ind... has filed 

lution under state laws 
MONARCH-NUSBAUM Paper Box Co.. 
i Buffalo, N y has filed notice 
e in capital from $10,900 to $150. 


linbilitic 
S98. 180 
Drea & CHEMICAL Co., 

Perth Amboy, N J., has 
solution under state laws 
Propucts Co., 

notice of disso- 


Mites Finer Propucts 
filed notice of 

S’oH O00 to 

ris Hoski 
Mev Mictl 
' e in capital 


(hic 
incre in 


iho, 
capital 
Soo 000 
MORAINVILLE 
has filed 
from $7 


P’APEI Co 
notice of ir 
50,000 to $1.000.- 


omines 





New Companies 


Peis Ni 
West Huron 
orporated 
inufacture 
ts The 
Pfeiffer, Ch 


RMAT ARATUS 
ino, Il 
ipital $15,000 to 
ind affiliated prod- 
orators ire Carl | W 
Deegan and E. Merckl 
EXTRACT Co., 
been incorporated 
With capital of 
oO manufacture syn- 
tanning and kindred 
proce T 0 in Is represented by 
Arthur 4 ) > Cedar St 


theti 


METALLURGICAI 
been Incorporated 
operute i 
Breaker is 
Newtor 


CORP., 

with 

metallurgi- 
president 
Center 


Hi CAI Co Boston, 
corporated with 4 


manufacture chemi 


rd, N. J 

ipital manu 
Incorporators Fred 
n FF. Laverty Albert 
Rutherford 


of $: 


SAGLI ‘ 
Clarks 


wit! 


‘ VEN (}LASS SPECTA 
burg, W. \ j bows 
pital ; 

gla products 
Forneus 


chemicals ind 
iIncorporators 
‘antzer and DD Cc 


‘o.. 613 West 
been incorpo! 
00 to manufac 
products The in 
I’, Poultor Toseph 
Rodrigues 
Houston 
wit! 4 
petroleun 
itors ire T 


ind \ EF 


Willian 

FortT O1n Co.. 
corporated 
manufacture 
rhe reppaer 


IY «jriffir 


Tex 


prod 
vior J 
Nehaus 


“EMPLETON & C IN« Westfleld 
been incorporated with a cap 
-0.000 to manufacture 
Louis M Fuller is president 
Kk. Templetor Westfield, treas 


CHEMICAL AND 


o00 te 


ipital of 


chemicals, 


METALLURGICAL 


SMELTING WoORKsS, 
has been incorpor- 
$25,000 to manu- 
Abraham J. Saffer 

Levin, 119 Mas- 


THE NEW ENGLAND 
INc., Springfield, Mass., 
ited with a capital of 
facture metal products. 
is president, and Morris 
sasoit St., treasurer 

Mir, CopDINA & MARQUES, INC., 
City, N. J., has been incorporated with a 
capital of $125,000 to manufacture cork 
products. The incorporators are Lewis Mir, 
Peter Codina and Michael Marques, 592 
Montgomery St. 

THE DARLING PrRopDUCTsS, 

Y., has been incorporated 
f $25,000 to manufacture compounds, bak- 
ng powders and kindred specialties. The 
incorporators are F.E.B. and H. S. Darling, 
and A. Bonesteel, Albany. T. J. Quillinan, 
Troy, N. Y., represents the company. 

THE A. A. NoE CHEMICAL Co., 
ville, Tenn., has been incorporated 
capital of $15,000 to manufacture chemicals 
ind chemical byproducts. <A. A. Noe and 
J L. Cunningham, Rogersville, head the 
company. 

THE CRAFTEX OIL Co., 
been incorporated with a capital of $500,- 
000 to manufactuure petroleum products. 
The incorporators are S. H. Fisher, H. C. 
Schada and A. T, Cushing, Crafton. 


THE HUMMEL & ROBINSON CorP., 
York City, has been incorporated 
capital of $100,000 to manufacture chemi- 
cals and chemical byproducts. The incor- 
porators are J. C. Robinson, C. P. Swaffield 
and A. Hummel. The company is _ repre- 
sented by G. J. Gruenberg, 320 B’way. 

THE SoutH JERSEY IRON FouNpDry, INC., 
Pleasantville, N. J., has been incorporated 
with a capital of $10,000 to manufacture 
iron and steel castings. Wray C. Arnold, 
Commonwealth Bldg., Philadelphia, Pa., 
represents the company. 

THRE LANG-HoRTON TANNING Co., INC., 
Hutton, Garrett Co., Md., has been incor- 
porated with a capital of $100,000 to manu- 
facture leather products The incorpor- 
ators are J. Harry Lang, Nathan Fried and 
LeRoy Morton, Hutton. 

PHILLIPS & JAFFRAY, 
City, has been incorporated 
of $25,000 to manufacture soluble oils, 
sizing, ete. The incorporators are H. C 
(;00d, B. D. Phillips and S. L. Jaffray. The 
company is represented by J. W. Hyde, 
29 B'way. 

THE Bristor Stove & Founpry Co., INc., 
Bristol, Va., has been incorporated with a 
capital of $50,000 to manufacture iron and 
steel castings, ete H ©. Wilkinson is 
president and J. C. Rucker, secretary, Bris- 
tol 

THe TANGHE BROTHERS Co., Detroit, 
Mich., has been incorporated with a cap- 
ital of $25,000 to manufacture bricks and 
other burned clay products The _ incor- 
porators are Henry F. and Edward 
F. Tanghe, 123: St 

THE MocuHar LEATHER 
York City, has been 
capital of $15,000 to 
specialties. The incorporators are B. Char- 
sky, W. E. Mock and H. J. Woronov The 
company is represented by A. M. Bloch, 
185 Madison Ave 

THE ARKANSAS CRUDE OIL Co., 
Rock, Ark., has been incorporated 
capital of $200,000, to manufacture  pe- 
troleum products The incorporators are 
Charles Leiger and E. W. Emerson, Little 
Rock 


THE RIVERSIDE FULLERS EArTH Co., 
Riverside, Tex., has been incorporated with 
i capital of $50,000 to operate a producing 
works for fullers earth and similar prod- 
ucts The incorporators are T. R. Buell, 
E. P. Darrigrand and S. C. Collins, River- 


Jersey 


Inc., Albany, 
with a capital 


Rogers- 
with a 


Crafton, Pa., has 


New 
with a 


Inc., New York 
with a capital 


Goops Corp., New 
incorporated with a 


manufacture leather 


Little 
with a 


PAINT Co., New 
incorporated with a 
$10,000 to manufacture paints, varnishes, 
ete The incorporators are (¢ D Cregan, 

W. Linck and L. Bennett, 61 B'w: 

THE BLUE GRASS PRODUCTION 
Standard Trust Bldg., Chicago, 
been organized to manufacture 
products George B. Harker 
Sorenson head the company 

THE PINEVILLE PETROLEUM Co., Pine- 
ville, Ky., has been incorporated with a 
capital of $40,000 to manufacture petroleum 
products The incorporators are Vv. be 
Moss and A. R. Anderson, Pineville. 

THE CHEMICAL SERVICE & SALES CORP., 
New York City, has been incorporated with 
i capital of $15,000 to manufacture chem- 
ical specialties The incorporators are 
Celler, M. Kraushaar and J. Maroona. 
ler & Kraushaar, 51 Chambers St., 
sent the company 

Harry L. IKE, 
been incorporated 
000 to manufacture 


CORTON 
has been 


York City. 
capital of 


refined oil 
and <A. S&S. 


Dover, | a = 
capital of 
varnishes, 


INc., 
with a 
paints, 
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Harry L. Ike, Arthur 


The Incorporators are , 
; Herbert T. Hartley, 


Casterline and 
Dover 

THE ALTO RUBBER 
has been incorporated 
$6,000 to manufacture 
glues, and kindred products. The _ incor- 
porators are R. Schliesel, S. Moore and H. 
Hewitt The company is represented by 
S. D. Levy, 302 B’way. 

THE MENDENHALL TorRPEDO Co., 

Okla., has been incorporated with a capital 
of $20,000 to manufacture explosives. The 
incorporators are G. L. Wilson, Duncan; 

’. B. Hamilton and T. W. Mendenhall, 
both of Wichita Falls, Tex. 

THE TEXAS EAGLE OIL & REFINING Co., 
Fort Worth, Tex., has been incorporated 
with a capital of $25,000, to manufacture 
refined oil products. The incorporators are 
E. B. Eakle, and F. A. Cok, Fort Worth. 

THE ScHAEFER DruG Corp., New York 
City, has been incorporated with a capital 
of $50,000 to manufacture chemicals, drugs, 
ete. The incorporators are O. and E ; 
Schaefer, and M. Boéthringer. The 
pany is represented by B. Swartz, 
B'way. 

THE Hupson River FounprRY Co., Pough- 
keepsie, N. Y., has been incorporated with 
a capital of $10,000 to manufacture iron 
and other metal castings. The incorpor- 
ators are J. Hanson, H. B. Vosburgh and 
Cc. W. H. Arnold, Poughkeepsie. 

THE Maurice Or Corp., Duncan, Okla., 
has been incorporated with a capital of 
$200,000 to manufacture petroleum  prod- 
ucts. The incorporators are W. E. Haw- 


York City, 
capital of 
varnish, 


Co., New 
with a 
rubber 


Duncan, 


com- 
192 


ley, Duncan; and J. L. Hill, Wichita Falls, 
Tex 


CHEMICAL Co., Pitts- 
burgh, Pa., is being organized by Joseph 
Davis, Harry J. Kane and N. Leivreri, to 
manufacture chemical products. The com- 
pany is represented by Harrison Bock, 1412 
terger Bldg., Pittsburgh. 
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Coming Meetings 
and Events 


SocIeTy’s summer 

Canton, Alliance, 
Ohio, July 25 
the Hotel 


CERAMIC 
held at 


\MERICAN 
meeting will be 
Sebring and East Liverpool, 
to 27 Headquarters will be at 
Courtland, Canton, Ohio 

AMERICAN CHEMICAL SOCIETY, THE So- 
CIETY OF CHEMICAL INDUSTRY and _ the 
American Section of the latter society will 
hold a joint meeting in New York, Sept. 
6 to 10. 

AMERICAN ELECTROCHEMICAL SoctetTy will 
hold its fall meeting in Lake Placid, N. Y., 
Sept. 29 and 30, and Oct. 

AMERICAN INSTITUTE OF CHEMICAL ENGI- 
NEERS will hold its spring meeting June 
°0 to 24 at Detroit. Industrial excursions 
will be made to Ann Arbor, Saginaw. Mid- 
land and Bay City. 

AMERICAN MINING CONGRESS AND NaA- 
TIONAL EXPOSITION OF MINES AND MINING 
EQUIPMENT will hold its twenty-fourth an- 
nual convention in the Coliseum, Chicago, 
Oct. 17 to 22. 

AMERICAN SOcIETY FOR STEEL TREATING 
will hold its third annual convention and 
exhibition Sept. 19 to 24 at Indianapolis. 

AMERICAN SociETY FOR TESTING MATE- 
RIALS will hold its 1921 annual meeting in 
the New Monterey Hotel, Asbury Park, 
N. J.. during the week of June 20. Tech- 
nical sessions are scheduled as follows: 
Tuesday, on Preservative Coatings and 
Textiles; Wednesday, on Cement, Concrete 
and Road Materials; Thursday, on Ceram- 
ics, Lime and Gypsum, on Petroleum Prod- 
ucts and on Testing Methods; Friday, on 
Metals. 

THE NATIONAL EXPOSITION OF CHEMICAL 
INDUSTRIES (SEVENTH) will be held during 
the week of Sept. 12 in the Eighth Coast 
Artillery Armory, New York City. 

NATIONAL FERTILIZER ASSOCIATION will 
hold its twenty-eighth annual convention at 
the Greenbrier Hotel, White Sulphur 
Springs, W. Va., the week beginning June 20. 

NATIONAL LIME ASSOCIATION is holding 
its annual convention in New York City 
June 15 to 17. 

New JERSEY CHEMICAL Society holds a 
meeting at Stetters Restaurant, 842 Broad 
St., Newark, N. J., the second Monday of 
every month. 

SocieTy OF CHEMICAL INDUSTRY (BRIT- 
IsH) at the invitation of the Montreal sec- 
tion will hold its annual meeting in Mon- 
treal and other Canadian cities during the 
week of Aug. 29, 1921. Details will be 
printed in this magazine from time to time 





